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Ab s t r Ac t
Ronga bao is a native variety of deepwater rice (DWR) that grows in the flood plains of the Brahmaputra valley in Assam. It is resistant 
to salt, alkalinity, drought, and floods. The goal of the current study was to examine bacterial endophytes that were isolated from 
Ronga bao and assessed for their ability to inhibit three rice pathogens: Sarocladium oryzae, Rhizoctonia solani, and Bipolaris oryzae, 
which cause sheath rot, brown spot, and sheath blight, respectively. The plant samples were collected from the Lakhimpur district of 
Assam. Then, endophytic bacteria were isolated from the roots, stem, and leaf regions of the plant. In-vitro antifungal screening was 
performed using the dual culture technique and cell-free culture filtrate (CFCF) of bacterial strains. Four root endophytes and only one 
stem endophyte showed antifungal activity against the phytopathogens. The plant growth-promoting activities were also examined 
for potential bacterial strains and recorded. Morphological, biochemical, and molecular characterization revealed that the isolated 
endophytic bacteria RB1 as Lysinibacillus fusiformis strain PK4, RB2 as Enterobacter quasiroggenkampi strain PK2, RB3 as Shigella sp., RB4 
as Pseudomonas fluorescens strain PK3, and RB5 as Klebsiella sp. Potential isolates exhibiting antifungal and plant growth promotion 
activities can be further utilized for the development of biocontrol formulations for controlling multiple biotic stresses.
Keywords: Endophytic bacteria, phytopathogen, antagonism, plant growth promoting activity, 16S rRNA sequencing.
Highlights
• Isolation of endophytic bacteria from Ronga Bao, an indigenous deepwater rice variety of Assam.
• Antifungal screening conducted against rice pathogens Rhizoctonia solani, Bipolaris oryzae, and Sarocladium oryzae.
• Five potential bacteria were identified: Lysinibacillus sp., Enterobacter sp., Shigella sp., Pseudomonas sp., and Klebsiella sp.
• Isolates also demonstrated plant growth-promoting activities under in-vitro conditions.
• The 16S rRNA sequences have been deposited in the NCBI GenBank for final confirmation.
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In t r o d u c t I o n

Rice (Oryza sativa) stands as a principal food crop for a 
significant portion of the world’s population, contributing 

more than 20% of daily calorie intake (Ray et al., 2013). India, 
boasting the second-largest production scale globally at 42.9 
million hectares, occupies 27.1% of the total rice-growing 
area, trailing only behind China (Singh et al., 2012). Northeast 
India boasts diverse geographical regions with varied climatic 
conditions (Singh et al., 2006). Assam, in particular, hosts 
numerous indigenous rice varieties, thriving in its favorable 
agro-climatic conditions (Sahai, 2016). Among these, Ronga 
bao, an indigenous deepwater rice (DWR) variety predominantly 
cultivated in Assam’s upper districts along the Brahmaputra 
River, shines. Given the annual flooding crisis affecting over 23 
districts, including the North Bank region of the Brahmaputra 
valley, DWR varieties have naturally become the choice crop 
due to their innate resistance to flood, drought, salinity, and 
alkalinity (Rohilla et al., 2019; Nahar et al., 2018; Gogoi et al., 2020). 
The distinctive red kernels of Ronga bao are attributed to the 
accumulation of polyphenols and anthocyanins in the aleurone 
layers (Rohilla et al., 2019). Furthermore, DWR is esteemed for its 
richness in zinc, iron, vitamins, and minerals, coupled with its 
antioxidant properties and resilience against pests and diseases 
(Chowdhury et al., 2016; Mudoi and Das, 2019). Beyond its 
agricultural significance, Ronga bao holds deep cultural roots, 

with the rice grain prominently featured in Assam’s popular 
cultural festival, Bihu, where it is cooked into a delectable dish 
known as “handoh guri.” 

Although several biotic factors affect rice production, 
diseases continue to be the primary challenge (Kumar et al., 
2013). According to Etsami et al. (2019), bacteria, fungi, and 
nematodes are responsible for around 70% of rice illnesses. 
Sheath blight, sheath rot, and brown spot are common fungal 
diseases in Assam, which become additional risks to DWR 
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verities (Islam et al., 2004). Sarocladium oryzae and Rhizoctonia 
solani are the main causes behind sheath rot and sheath blight, 
respectively, which cause significant yield losses. Meanwhile, 
Bipolaris oryzae Subr wreaks havoc with brown spot disease, and 
Jain (=Helminthosporium oryzae Breda de Haan teleomorph= 
Cochliobolus miyabeanus) has been noted for its significant grain 
yield losses (Singh et al., 2014).

Optimizing rice disease management is essential to 
increase yield. Using beneficial microbes and biological control 
techniques are two viable alternatives to chemical fertilizers 
(Etesami et al., 2019). Endophytic microbes, residing within plant 
tissues, emerge as eco-friendly allies, bolstering plant growth 
through various mechanisms, including hormone production, 
phosphate solubilization, siderophore production, and nutrient 
provision (Bandara et al., 2006). Moreover, they enhance nitrogen 
fixation and exhibit antimicrobial properties, curbing losses from 
pathogenic organisms (Verma et al., 2001; Rahman and Saiga, 
2005; Taktek et al., 2017). 

According to Borah et al. (2021), there are roughly three 
million different plant species on earth. Although every plant 
contains certain beneficial microbes, very few species have 
had their endophytic mechanisms thoroughly studied. As a 
result, there is a relatively higher chance of discovering novel 
endophytic organisms from various plants in hotspot regions. 
Assam, nestled within the Indo-Burma biodiversity hotspot, 
serves as a secondary center for rice origin, offering fertile 
ground for such explorations. Thus, the current research 
endeavors to isolate and characterize endophytic bacteria 
from Oryza sativa L. cv. Ronga bao, along with evaluating their 
antifungal properties and plant growth-promoting activities

Me t h o d s An d MAt e r I A l s

Collection of the plant sample and isolation of 
bacteria 
The young and robust seedlings of Ronga bao were carefully 
gathered from a rice field in the Lakhimpur district of Assam, 
India. This collection took place during July/August, 2022; 
ensuring the prime condition of the specimens. Following 
collection, the samples were promptly transported to the 
laboratory for subsequent processing. The sample plants 
underwent a meticulous washing procedure under running tap 
water. Subsequently, the plants were carefully dissected into 
roots, stems, and leaves. Surface sterilization of these plant parts 
was then carried out using a combination of absolute alcohol 
and sodium hypochlorite solution. Following sterilization, the 
serial dilution method was employed for the isolation of bacteria. 
Pure cultures were successfully isolated and preserved at 4°C for 
future experimentation (Arora et al., 2014).

Rice phytopathogens and culture condition
Three fungal phytopathogens were selected for this study: R. 
solani (MTCC no. 9666), known to cause sheath blight disease; 
Sarocladium oryzae (MTCC no. 2046), which causes sheath rot 
and B. oryzae (ITCC no. 1319),the causal agent of brown spot 
disease of rice. Upon procuring disease-causing pathogens 
from the respective laboratory culture conditions, each fungal 
inoculum was promptly inoculated onto Potato Dextrose Agar 

(PDA) plates. In order to promote optimal mycelia growth, the 
plates were incubated at 28℃. R. solani displayed full mycelial 
development on PDA plates after two to three days of incubation 
period; while B. oryzae and S. oryzae required ten to fourteen 
days to develop their mycelial growth. After development and 
incubation, a 5 mm diameter mycelial disc was selected from 
each fungal culture, and it was then put on freshly prepared 
PDA plates and incubated at 28°C for an additional period 
of time. This was done three or five times according to the 
method described by Bibi et al. (2012), albeit with a few minor 
adjustments.

Invitro antifungal activity of isolated bacterial 
endophytes
A preliminary screening was performed for the selection of the 
antagonistic activity of bacteria. A 5 mm diameter of test fungi 
was inoculated at the center of potato dextrose agar plates. 
The isolated bacteria were then together inoculated against 
the fungal inoculum. The bacteria which inhibited the growth 
of fungi were selected for further testing (Agarwal et al., 2017).

Dual Culture Technique 
Dual culture technique was performed for the antagonistic 
test of endophytic bacteria against rice pathogens. The growth 
inhibition (GI) was estimated using the following formula (Naik 
et al., 2006).

 

[Where, Rc = Radial growth of the fungal pathogen in 
control, Re = Radial growth of the fungal pathogen in the 
presence of endophytic bacteria strain (dual inoculation)]

Antifungal Activity of Cell-Free Culture Filtrate (CFCF)
Antagonistic tests of CFCF of bacterial strains were tested by agar 
well diffusion assay as described by Tagg and McGiven (1971). 
Zone of inhibition was recorded, and an inhibition percentage 
(%) was calculated using the following formula

Evaluation for plant growth promotion (PGP) activities

Indole-3-acetic acid production test
Isolated endophytic bacteria were cultivated in tryptone broth. 
0.1 mL of fresh bacterial cultures were inoculated onto the liquid 
medium, and it was then cultured for 48 hours at 35℃  (Aneja, 
2018). The supernatant was combined with 4 mL of salkowaski 
reagent and two drops of o-phosphoric acid for IAA estimation. 
The development of pink color indicated IAA production 
which was determined by measuring the absorbance at 535 
nm. A standard curve was plotted in which IAA and Salkowaski 
reagents were dissolved in tryptone broth to quantify unknown 
IAA concentrations of samples (Etesami et al.,2014).

Gibberellic Acid (GA3) production test (Paleg and Coombe, 1967)
To detect Gibberellic acid, fresh bacterial cultures were added to 
the nutrient broth and incubated at 30℃ for 72 hours. Around 
5 ml of supernatant was taken in a test tube to which 0.4 mL of 
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potassium ferrocyanide was added and centrifuged at 1000 rpm 
for 15 minutes. The supernatant was collected and 3 mL of 30% 
HCl was added and incubated at 20℃ for 75 minutes. The control 
sample was treated with 5% HCl and the absorbance of the 
sample was measured at 254 nm in a UV-vis spectrophotometer 
(Bora et al., 2021). 

Phosphate solubilization assay
The phosphate solubilization assay was accomplished in 
accordance with the guidelines provided by Dias et al., 2008 
with slight modifications. Briefly, on the pikovskaya medium, 
bacterial isolates were cultured. Colonies that could solubilize 
inorganic phosphate were seen to have halo zones surrounding 
them after fourteen days of culture. The following formula was 
used to determine solubilization efficiency.

Zinc solubilization assay 
The endophytic bacterial isolates were first inoculated on zinc 
solubilization agar plates. These plates were covered with 
aluminum foil and incubated in the dark at 28℃ for 14 days 
(Ramesh et al., 2014). The colonies exhibiting clear halo zones 
were selected and solubilization efficiency was calculated using 
the following formula.

Potassium solubilization assay 
The endophytic bacteria were inoculated on Aleksandrow agar 
media and incubated for 3-4 days at 28 ± 2℃. The presence of 
halo zone around the bacterial colony was considered as an 
indicator of potassium solubilization. Solubilization efficiency 
was recorded using the following formula (Hu et al., 2006).

Assessment for PGP activity in seed germination test and pot 
experiment
A pot experiment and a seed germination test were carried 
out to examine the impact of particular endophytic bacterial 
strains on plant growth (Naiwal et al., 2014; Sorty et al., 2016). 
The rice seeds (Oryza sativa L. cv. Joha) were surface sterilized 
by immersion in a 0.2% HgCl2 solution for three minutes and 
exposed to 95% ethanol. After that, the seeds were washed 
five times in sterile, distilled water. The endophytic isolates 
underwent cultivation in broth at a temperature of 30 ± 2℃ for 
24 and 48 hours, respectively. Following the application of 1-mL 
of each culture treatment to the seeds, the treated seeds were 
dried. The seeds treated with a non-inoculated medium were 
used as the control. In order to assess seed germination, agar 
plates containing treatment and control seeds were incubated 
in the dark until the seeds germinated. For the pot experiment, 
pots were filled with autoclaved soil. Finally, the treated and 
control seeds were transferred to a pot to a depth of 5 mm. 
The experiment was performed in triplicate. After 15 days of 

observation, the plants were uprooted carefully and the length 
of root and shoot and fresh and dry weight of seedlings were 
measured. According to Mir et al., 2014, seed vigor index was 
calculated using the following formula:

Morphological and biochemical identification of 
potent endophytic bacteria
Preliminary identification of each endophytic bacterial strain was 
done according to Bergey’s manual of systematic bacteriology. 
Cell morphology of the potent strains was determined by the 
classical gram staining method (Bartholomew, 1962). KOH 
String test, an alternative to the gram staining test of bacteria 
(Arthi et al., 2003) was also performed. Biochemical tests such 
as catalase test, amylase production test, MRVP test, lactose 
fermentation test, Urea agar test, gelatin hydrolysis test and 
casein hydrolysis test were performed according to methods 
described by Aneja, 2018. 

Identification and phylogenetic analysis of endophytic 
bacteria

Extraction of genomic DNA
The isolated endophytic bacteria were cultured in LB broth 
at 28°C for 24 hours and then centrifuged at 14,000 rpm for 5 
min. The genomic DNA was extracted from the obtained pellet 
by using HiPurA  96 Bacterial Genomic DNA Purification Kit, 
Himedia according to the manufacturer’s instructions. The purity 
of extracted bacterial genomic DNA was evaluated through 1% 
agarose gel electrophoresis following the method described by 
Koh et al., (1998).

Identification and phylogenetic analysis of endophytic bacteria 
The amplification of 16S rDNA was performed in a reaction 
with a final volume of 50 µL. This contained 1-µL (0.5–10 ng) of 
total DNA, 5 µL of 10x buffer, 4 µL (2.5 mM) of dNTPs mixture, 
0.5 µL of Taq DNA polymerase, µL dNTPs (2.5 mM) mixture, and 
0.75 µL (20 mM) of each primer, 27F (5’-AGA GTT TGA TCC TGG 
CTC AG-3’) and 1492R (5’- CGG TTA CCT TGT TAC GAC TT-3’). A 
negative control (PCR mix devoid of DNA) was incorporated in 
all PCR experiments. The parameters of the PCR reaction were 
as follows: 94ºC for 5 minutes; 35 cycles of denaturation (60 s at 
94ºC), annealing (30 s at 55ºC), and extension (60 s at 72ºC) were 
performed; finally, a final extension was performed for 5 minutes 
at 72ºC. The PCR products were then purified and sequenced 
(Barcode Biosciences, Bangalore, India). 

Identification and phylogeny analysis
The obtained sequence data were analyzed using BLAST 
program in NCBI (http://blast.ncbi.nlm.nih.gov/blast/Blast.
cgi) (Cole et al., 2009; Wang et al., 2007). We confirmed the 
experimental sequences’ similarity to the reference sequences in 
the NCBI databases (Cole et al., 2009) and classified the selected 
potent isolates at the genus level. Using Clustal W, a multiple 
alignment program, homologous sequences were selected 
and aligned according to their maximum identity score. The 
phylogenetic tree of each powerful isolate was created based 
on 16S rRNA gene sequences using the neighbour joining 
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Table 1: Selected endophytic bacteria based on their antifungal 
activity against rice phytopathogens

Isolates code Host tissue R. solani B. oryzae S. oryzae

RB1 Root ˗ + ˗

RB2 Root + ˗ ˗

RB3 Root ˗ ˗ +

RB4 Root + ˗ ˗

RB5 Stem ˗ + ˗

(‘+’ for antagonistic activity; ‘˗’no antagonistic activity)

method in MEGA 11 software. Using 1,000 bootstrap replicates 
created from a random seed, the dependability of the trees was 
examined. In order to get the accession number, the produced 
nucleotide sequences for each bacterial isolate were submitted 
to Genbank

Statistical analysis
Each experiment was performed in triplicate. Means and 
standard error were calculated for all data sets and analysis 
of variance (ANOVA) was performed at p ≤0.05 on Microsoft 
Excel 2021.

re s u lts An d dI s c u s s I o n

Isolation of bacteria and antifungal screening
To ascertain the presence of endophytic bacteria in Ronga bao, 
the roots, stems, and leaves of the plant have been utilized 
to separate the bacteria. From the sample plant, six bacteria 
related to the roots, four associated with the stem, and four 
associated with the leaves were isolated. Further, four bacteria 
associated with roots and one bacterium associated with stems 
were chosen from among the isolates based on their antifungal 
properties against the phytopathogens R. solani, B. oryzae, and S. 
oryzae. As the isolated bacteria did not exhibit hostility towards 
the test phytopathogens, they could not be selected. Table 1 
shows the potent bacteria that were chosen, together with their 
host tissue and antagonistic activity against the test fungus. 

Dual culture technique
Using the dual culture method on PDA plates, the five 
endophytic bacterial isolates were examined for their ability to 
impede the mycelial growth of test fungus in vitro. The fungal 
growth was inhibited by all five strains, as demonstrated by 
the results of the dual culture assay. Table 2 shows that the 
antagonistic effect of the bacterial isolates ranges from 23.99% 

to 58.53%. An inhibitory zone between 4 and 10 mm in diameter 
developed when the fungal hyphae of R. solani and, B. oryzae 
and S. oryzae could not enter the bacterial culture after 5 and 
14 days of incubation (Fig. 1).

Antifungal activity of cell-free culture filtrate (CFCF)
When selected endophytic bacteria were tested for their capacity 
to produce antifungal compounds in-vitro, they demonstrated a 
strong antagonistic activity. The filtrates of bacterial strains were 
highly inhibitory to the growth of phytopathogens tested. The 
antifungal indices of bacterial culture filtrate ranges from 37.29 
to 64.44% (Table 2). The highest inhibitory effect was observed 
with R. solani and the lowest with S. oryzae (Fig. 2). 

In the same way, bacterial endophytes from various rice 
cultivars improved rice plant development and showed strong 
antagonistic effects against R. solani in-vitro (Ji et al., 2014). 
Bacillus sp. isolated from a rice variety showed antagonistic 
potential against B. oryzae indicated the significant reduction of 
intensity of brown spot disease of rice (Prabhukarthikayan et al., 
2019). Saravanakumar et al. (2009) reported that Pseudomonas 
strains pf1, TDK1, and PY15 had superior efficacy in mitigating 
sheath rot disease in rice plants. The finding of Ajulo et al. 
(2024) also supported the result of the present investigation.  
They revealed that rice-associated endophytic bacteria 
reduced the growth of B.oryzae and suppressed brown spot 
severity by up to 90%. It is already stated that, members of the 

Fig. 1: Antifungal screening of potent endophytic bacteria against 
rice pathogens using the dual culture assay

Fig. 2: Antifungal activity of cell-free culture filtrate (CFCF) of potent 
endophytic bacteria against rice pathogens

Table 2: In vitro antifungal activity (% inhibition) of potent 
endophytic bacteria against rice phytopathogens 

Isolates 
code R. solani B. oryzae S. oryzae

DCA CFCF DCA CFCF DCA CFCF

RB1 - - 23.99 ± 
0.34

37.29 ± 
1.37 - -

RB2 28.14 
± 0.34

61.85 
± 1.28 - - - -

RB3 - - - - 49.60 
± 1.34

63.07 
± 1.54

RB4 40.36 
± 1.69

64.44 
± 1.11 - - - -

RB5 - - 58.53 
± 0

56.36 ± 
1.38 - -

(DCA= dual culture assay; CFCF= cell-free culture filtrate)
[Data are shown in Mean ± SD of three replicates, Significant 
(P≤0.05)]
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family Enterobacteriaceae, including Citrobacter, Enterobacter, 
Serratia and Klebsiella are known to develop sustainable 
agricultural systems by reducing or shielding plants from 
disease (Jha et al., 2011). Several endophytic isolates into 
different genera including Bacillus, Pseudomonas, Streptomyces, 
Exiguobacterium, Aeromonas, Chryseobacterium, Enterobacter, 
and Stenotrophomonas demonstrated biocontrol activity against 
a variety of rice diseases, including bacterial leaf blight, leaf blast, 
brown spot, and sheath blight (Jasrotia et al., 2021).

Evaluation for plant growth promotion (PGP) activity
Screening of the potent bacterial isolates for PGP traits revealed 
that 36% were able to produce IAA, 29% were zinc solubilizers, 
21% had phosphate solubilization activity and 14% were 
recognized as potassium solubilizers. Only one isolate RB2 
exhibited all four activities, i.e., IAA production, P-solubilization, 
Zn- solubilization and K- solubilization.

Indole-3-acetic acid (IAA) production
The ability of the selected endophytic isolates to produce indole-
3-acetic acid (IAA) contributes to the enhancement of plant 
growth. Tryptophan, found in plant roots and a precursor for the 
production of IAA utilized by endophytic bacteria, makes the IAA 
production test a popular method for characterizing bacteria 
connected with plants (Liaqat et al., 2016). The production of 
IAA was examined in all five potent bacteria, and the results 
are presented in Table 3. According to Table 3, RB4 produced 
the highest amount of IAA (47.43 µg/ml), followed by RB1 (43.93 
µg/ml) while RB3 produced the least (10.4 µg/ml). Phetcharat et 
al. (2011) conducted research work to identify and characterize 
Pseudomonas sp., Azotobacter sp., Enterobacter sp., and Bacillus 
sp. from the root and stem sections of the rice plant. The results 
showed significant IAA production. As a factor that promotes 
plant growth, endophytic bacteria isolated from various species 
have been identified in several previous studies to produce IAA 
(Rana et al., 2011, Jasim et al., 2014, Yaish et al., 2015, and Khan 
et al., 2020).

Gibberellic acid (GA3) production test 
Gibberellins (GAs) are widely distributed plant hormones that 
trigger a variety of metabolic processes necessary for a plant’s 
growth, including flower induction, anther development, fruit 
formation, senescence, stem elongation, and seed germination 
(Hedden & Kamiya, 1997). In the 1950s, Western scientists initially 

recognized gibberellins, now commonly known as gibberellic 
acid (GA3) (Shah et al., 2023). In the present study, the amount of 
GA3 synthesized by potent endophytic bacteria was determined 
by comparing the standard curve of pure GA3. According to 
Table 3, the highest GA3 production was expressed by the 
isolate RB1 (3.745 mg/ml), followed by RB3 (3.645±0.303 mg/
ml), whereas RB5 produced the lowest, 0.331 mg/ml. Borah 
et al. (2018) showed that rice-associated endophytic isolate 
Microbacteriaceae bacterium RS01-11 significantly produced 
GA3 (67.23 ± 1.83 μg/ml). Several bacterial species, including 
Acinetobacter, Agrobacterium, Arthrobacter, Azotobacter, 
Bacillus, Flavobacterium, Micrococcus, Clostridium, Pseudomonas, 
Rhizobium, and Xanthomonas, have been reported to synthesize 
gibberellic acid (Gutierrez-Manero et al., 2001). There have 
also been reports of endophytic Pseudomonas and Bacillus 
isolates from tropical legume crops secreting GA3 (Maheswari 
& Komalavalli, 2013). 

Phosphates solubilization assay
Phosphorus (P) is one of the minerals that limits plant growth. It is 
available in the earth’s soil as fertilizer but is typically inaccessible 
to plants due to bacterial immobilization mechanisms. On the 
other hand, plants can obtain phosphorus via endophytes 
that reside within them (Liaqat et al., 2016). According to 
Duangpaenga et al. , 2013, root-colonizing endophytic 
bacteria can improve plant development by making more soil 
phosphorus available to vegetation. Both solubilization and 
mineralization of organic phosphates are possible through 
the action of bacteria linked to plants. There are a number 
of strategies to achieve phosphate solubilization, including 
hydrolysis and processes involving phosphatase enzymes. By 
reducing pH, forming Co2, and reducing metals enzymatically, 
phosphatase releases both organic and inorganic acids (Matos et 
al., 2017). In the present study, endophytic bacterial isolates were 
screened qualitatively for their capacity to solubilize phosphate 
in the Pikovskaya medium. The colonies surrounding the isolates 
RB2, RB3, RB4, and RB5 formed a distinct zone, indicating a 
positive outcome. The highest solubilization efficiency (SE%) 
was exhibited by the strain RB4 (196.66 ± 5.77%), while the 
lowest was exhibited by RB2 (148 ± 11.86%) (Table 3). The result 
indicated the phosphate solubilization ability of the strains RB2, 
RB3, RB4 and RB5. Similarly, endophytic bacteria as phosphate 
solubilizers from a variety of crops have also been explored and 
reported (Walia et al., 2017).

Table 3: In-vitro plant growth promotion (PGP) activity of potent endophytic bacteria

Isolates 
code

IAA production
µg/ml

GA3 production
mg/ml

P-solubilization assay
SE (%)

Zn-solubilization assay
SE (%)

K-solubilization assay
SE (%)

RB1 43.93 ± 0.305 3.745 ± 0.002 - 185.17 ± 6.41 -

RB2 12.5 ± 0.3 3.557 ± 0.015 148 ±  11.86 185 ±  37.74 195 ± 8.66

RB3 10.3 ± 0.1 3.645 ± 0.303 153 ± 5.77 226 ± 23.09 -

RB4 47.43 ± 0.37 2.789 ± 0.675 196.66 ±  5.77 - 255.55  ± 19.24

RB5 14.13 ± 0.15 0.331 ± 0.001 184.72 ± 16.84 - -

[SE (%) = Solubilization efficiency %]
(Data are shown in Mean ± SD of three replicates, Significant (P≤0.05))
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Zinc solubilization assay
Zinc (Zn), is an essential micronutrient for promoting plant 
growth as it is a component of several metabolic enzymes 
(Othman et al., 2018). Due to its limited mobility in plants, it 
suggests the need for a constant supply of available zinc for 
plants to grow and develop effectively (Saravanan et al., 2007). 
According to Impa & Johnson-Beebout (2012), flooded soil is 
said to have less zinc available for plant absorption than non-
flooded soil. According to Fasim et al., 2002, endophytic bacteria 
have the ability to boost the amount of zinc that plants absorb 
by solubilizing it from both organic and inorganic pools of soil 
zinc. By measuring the diameter of the inhibitory zone using 
the plate technique, the effectiveness of the bacterial isolates’ 
Zn solubilization was assessed in the current investigation.
RB1, RB2 and RB3 strains exhibited zinc solubilization in ZnO 
supplemented medium by forming a clear halo zone around the 
colony. Zinc solubilizing efficiency was found to be significantly 
higher in the strain RB3 (226 ± 23.09%) when compared to 
RB1 (185.17 ± 6.41%) and RB2 (185 ± 37.74%) (Table 3). Yaish et 
al. (2015) investigated potential zinc-solubilizing endophytic 
bacteria belonging to the various genera of Actinobacter, 
Bacillus, Enterobacter, Klebsiella, and Rhodococcus from date palm 
seedling roots. According to Bhakat et al. (2021), Burkholderia sp. 
isolated from rice rhizospheric soil would be a suitable candidate 
to increase zinc solubility, which could slow the rate at which 
inorganic zinc is fed into agricultural soil.

Potassium solubilization assay
One of the most vital minerals for plants, potassium (K), is 
essential to the growth, metabolism, and development of plants. 
K is necessary to activate a number of enzymes that are involved 
in numerous plant processes, including starch hydrolysis, 
nitrogen fixation, photosynthesis, and others, in addition to 
strengthening the resilience of plants to abiotic and biotic 

Fig. 3: Effect of selected endophytic bacteria on the growth of rice 
seedling (A. Seed germination, B. Root length, C. Shoot length, D. 

Seedling fresh weight, E. Seedling dry weight)
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obstacles (Hussain et al., 2016). Plants can only use 1 to 2% of the 
K that is present in the soil; the remaining K is bound to other 
minerals and is not available to plants. According to reports, 
certain beneficial bacteria have the ability to solubilize minerals, 
including K, and change their insoluble form into soluble forms 
that plants can absorb (Etesami et al., 2017). Therefore, pure 
isolates were screened for potassium solubilization efficiency. 
The isolate RB2 and RB4 were able to solubilize potassium on 
Aleksandrow medium by forming a significant clear halo zone 
around the colony with solubilization efficiency 195 ± 8.66% and 
255.55 ± 19.24%, respectively (Table 3). Sev et al. (2016) isolated 
and evaluated K-solubilizing powerful bacterial isolates from 
some specific rice varieties for the promotion of plant growth. 
According to research by Nawaz et al. (2023), K-solubilizing 
endophytic bacteria can be used as bio-inoculants to boost rice 
crop growth and yield by improving cytosolic K+/Na+ ratio and 
K-assimilation during salt stress.

PGP activity in seed germination test and pot experiment 
The current study revealed the impact of the five multi-
functional PGP strains (RB1, RB2, RB3, RB4, and RB5) on different 
plant growth parameters and seed germination (Table 4; Fig. 3). 
When rice seeds were treated with the isolates RB2 and RB4, the 
tested strains increased the percentage of seed germination 
both in 24-hour and 48-hour culture treatment; this resulted 
in 100% germination in comparison to the control seeds 40%. 

During 24-hour culture treatment, isolate RB4 had the 
highest increase in root length (4.06 ± 0.11 cm) and RB1 in shoot 
length (25.4 ± 0.1 cm) over the control and other treatments. 
Potent strain RB2 showed the highest seed vigor index (2789). 
Moreover, the maximum seedling fresh weight (80.76 ± 1.28 
mg) and dry weight (39.23 ± 5.14 mg) were found by isolates 
RB2 and RB1, respectively.

The 48-hour culture treatment revealed that the isolate 
RB4 enhanced the root length (7.66 ± 0.20 cm) over the other 
treatment and the control. The highest increase in shoot 
length was recorded by RB1 (29.66 ± 1.52 cm). The findings also 
demonstrated that the endophytic strain RB4 enhanced the seed 
vigor index (3072), followed by RB1 (3466) when compared to 

other treatments and the control. The isolate RB1 had a higher 
effect on seedling fresh weight (82 ± 3 mg) and dry weight  
(42.8 ± 2.36 mg). 

Endophytic isolates RB1, RB2 and RB4 demonstrated nearly 
superior results in every PGP parameter when compared to other 
treatment and control seeds. While the 48-hour culture treatment 
yielded a larger yield than the 24-hour culture treatment in 
the current investigation, the control seeds produced results 
deemed almost the same in both treatments. Increased vigor 
index and germination percentage are signs of better seedling 
establishment and crop improvement (Donald and Copeland, 
1997). According to a study by Etesami et al. (2014), endophytes 
are effective at promoting rice seed germination. The seed 
germination index increased in response to the co-inoculants, 
Microbacterium testaceum and Bacillus subtilis, over the control 
in the Illongkari rice variety, showing a longer radicle (17.1%), 
plumule (45.7%), vigor index (702.75), and seed germination 
index (2611). The results of Hernández et al. (2023) support the 
current outcome. Based on improvements in the height, root 
length, fresh weight, and dry weight of the shoot and root, 
they identified three additional promising strains, viz., Pantoea 
sp. S5-1, Pseudomonas sp. S5-38, and Pseudomonas sp. S7-1, as 
potential bio-stimulators or bio-inoculants for Cuban rice crops.  
Numerous studies have noted a comparable improvement in 
seed germination rate and improved emergence of seedlings 
when both endophytic bacteria are injected into different crops, 
such as sorghum (Raju et al., 1999), and pearl millet (Raj et al., 
2004). The production of IAA by endophytic bacteria might have 
contributed to root development, while GA promoted shoot 
growth. Along with phytohormone secretion, other growth-
promoting characteristics of the isolates, such as P, K, and Zn 
solubilization activities, may have contributed to the increase 
in radicle and plumule length (Bahsan et al., 2004). According 
to this result, the endophytic strain RB1 boosted the seed vigor 
index when compared to other treatments and controls. The 
bacterial isolate’s ability to solubilize P and K may have been the 
root cause of this. Van Brunt and Sultenfuss (1998) suggested that 
potassium and phosphorus as crucial macronutrients required 
for seed germination.

Table 5: Analysis of morphological and biochemical characteristics of potent endophytic bacteria
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RB1 Thin and long rod-shaped bacteria + + _ _ _ _ + + + _ Lysinibacillus sp.

RB2 Rod-shaped bacteria _ _ + + _ _ + + + + Enterobacter sp.

RB3 Rod-shaped bacteria _ _ _ + _ _ + _ + _ Shigella sp.

RB4 Rod-like bacteria occur in singles, 
pairs, or short chains. _ _ _ + + _ + + + _ Pseudomonas sp.

RB5 Rod-shaped bacteria _ _ _ + _ _ + + + + Klebsiella sp.

(‘+’ for positive for the test; ‘˗’ for negative for the test)
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Morphological and biochemical identification
Preliminary identification of bacterial endophytes was achieved 
through an analysis of their morphological, biochemical, and 
physiological traits. The findings showed that the bacterial 
species that were isolated from the Ronga bao’s roots stem, 
and leaves were distinct. All of the endophytic bacterial isolates 
were identified morphologically as rod-shaped organisms with 
varying edges and elevations. Isolate RB1 was gram-positive 
when it came to gram staining, while the other four isolates 
were gram-negative. All of the isolates underwent various tests 
for biochemical identification, including lactose fermentation, 
urease, gelatinase, amylase and catalase. Bergey’s manual 
of determinative bacteriology was utilized to define all the 
potent isolates based on gram staining, cell morphology, and 
biochemical testing (Table 5).

The strain RB1 showed a purple-stained rod-shaped colony 
in gram staining. Based on morphological and biochemical 
features and characteristics of Lysinibacillus sp. reported by Duan 
et al. (2013) and Shabanamol et al., (2017) the initial identification 
of RB1 was assigned as Lysinibacillus sp. Khaskheli et al., (2020) 
isolated root-associated Lysinibacillus sp. from Oryza sativa L. 
and evaluated their biocontrol property. 

The strain RB2 exhibited pink-colored rod-shaped bacteria. 
By analyzing cell morphology and different positive and 
negative test biochemical parameters, strain RB2 was initially 
identified as Enterobacter sp. and the result is in confirmation 
with the finding of Panigrahi et al., (2020). Hardoim et al. (2013) 
isolated and characterized two novel species Enterobacter 
oryzophilus sp. Nov and Enterobacter oryziphyticus sp. nov from 
Oryza sativa L. 

The study of cell morphology of the strain RB3 revealed 
gram-negative bacteria with rod-like form. By comparing the 
biochemical results with the report by Sharma et al., (2010), the 
probable identification was Shigella sp. Akinsanya et al, (2015) 
identified Shigella sp. as an endophyte from Aloe vera. Lins et al., 
2014 isolated and identified Shigella flexneri as an endophytic 
bacterium from cashew leaves.

Colonies of the strain RB4 showed pink-stained and rod-like 
bacteria. Compared with morphological and biochemical 
studies and the research work done by Kumar et al. (2016) the 
strain RB4 was initially assigned to Pseudomonas sp. Verma et 
al., 2018 isolated Pseudomonas sp. from the seedling of Rex 
rice (Oryza sativa L.) and evaluated their antifungal activity and 
PGP activity.

The strain RB5 showed gram-negative rod-shaped bacteria 
in the cell morphology study. Compared with the morphological 
and biological features of Klebsiella sp. (Hingole et al., 2016), the 
probable organism for the strain RB5 was Klebsiella sp. Klebsiella 
sp. is also reported to have an endophytic association with 
wheat, maize and rice plant etc., (Jasim et al., 2013).

Molecular characterization
Sequencing and phylogenetic analysis of 16S rRNA region 
provide a highly precise and adaptable method for classifying 
and identifying bacteria. Due to its widespread distribution 
among bacteria and the existence of species-specific variable 
regions, 16S rRNA-based identification is employed to identify 
bacteria (Ray et al., 2017). Because phylogenesis is crucial for 
explaining the taxonomic classification of an organism based 
on its evolutionary history, the sequencing data is subsequently 
analyzed in phylogenetic tree form using the MEGA11 program 
(Ilmi et al., 2018). In the present investigation, among the 
five isolates, only three bacterial isolates (RB1, RB2 and RB4) 
were subjected to molecular characterization based on their 
performance on antifungal screening and PGP activity.

The strains RB1, RB2, and RB4 genomic DNA were amplified 
using the 16S rRNA sequencing using primers 27F and 1492R. 

Fig. 4: Gel electrophoresis of 16S rRNA PCR amplified product for the 
most potent bacterial isolates RB1, RB2 and RB4 using 27F and 1492R 

primers

Fig. 5: Phylogenetic analysis of 16S rRNA sequences strain RB1, RB2 and 
RB4 along with the sequences from NCBI. The tree was constructed by 
neighbour joining method using MEGA11. The percentage of replicate 
trees in which the associated taxa clustered to gether in the bootstrap 
test (1000 replicates) are shown next to the branches. The evolutionary 
distances were computed using the Maximum Composite Likelihood 
method and are in the units of the number of base substitutions per site
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After being resolved on an agarose gel, the 1500 bp PCR 
amplicon was observed (Fig. 4). NCBI BLAST alignments showed 
that the 16S rRNA sequence of strain RB1 and Lysinibacillus 
fusiformis (accession no. MT242508.1) had a shared sequence of 
homology sequence of 83.99% (coverage is 99%). The resultant 
sequences of RB1 were submitted to GenBank for the accession 
number (OR164403). Moreover, phylogenetic analysis using 
MEGA 11 software confirmed that the strain RB1 is closely related 
to L. fusiformis (Fig.5). Considering molecular sequence data 
for RB1, this strain was ultimately identified as gram-negative 
Lysinibacillus fusiformis strain PK4 (OR164403)

NCBI BLAST alignments for strain RB2 showed that the 16S 
rRNA sequence of strain RB2 and Enterobacter quasiroggenkampii 
(accession no. CP110533.1) had a homology sequence of 99.79% 
(coverage is 100%). The sequences obtained by PCR amplification 
was submitted to GenBank and received the accession number- 
OR164436. Phylogenetic tree analysis provided that the strain 
RB2 and E. quasiroggenkampii belonged to the same cluster 
(Fig.5). Considering molecular sequence data for RB2, this strain 
was finally identified as Enterobacter quasiroggenkampii strain 
PK2 (OR164436)

The amplif ied sequences from the strain RB4 were 
submitted to GenBank (accession no. OR164437). According to 
BLAST analysis, it was found that RB4 had high similarity with 
Pseudomonas fluorescens (accession no. MF838680.1) with the 
homology sequence of 99.20% (coverage is 100%). Moreover, 
Strain RB4 and P. fluorescens (MF838655.1) were clustered in the 
same group in phylogenetic tree analysis (Fig.5). Therefore, 
strain RB4 is identified as Pseudomonas fluorescens strain PK3 
(OR164437).

co n c lu s I o n

The current study demonstrates the PGP and antifungal 
activities of a broad community of endophytic bacteria 
connected to rice plants. Taking into account all the information, 
this is the first report on the presence of endophytic bacteria 
from Ronga bao (Oryza sativa L.), specifically Lysinibacillus 
fusiformis strain PK4, Enterobacter quasiroggenkampi strain PK2, 
Shigella sp., Pseudomonas fluorescens strain PK3, and Klebsiella 
sp. that showed great potential as biocontrol agents. After 
field investigations, it is also recommended that these bacterial 
strains may be used in plant disease management programs 
and modern agricultural techniques. The study will also draw 
attention to Assamese native rice types, which are not the 
subject of extensive study. It requires further research to find 
new bacteria in this plant.
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