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ABSTRACT

Endophytic bacteria play a crucial role in promoting plant growth and enhancing stress
tolerance, making them valuable candidates for sustainable agriculture. This study
focuses on the isolation and characterization of endophytic bacteria from Brachiaria
ramosa (browntop millet), a resilient cereal crop known for its adaptability to marginal
soils and drought conditions. Healthy plant tissues including roots, stems, and leaves
were surface-sterilized and cultured on nutrient-rich media to isolate bacterial
endophytes. A total of 85 distinct bacterial isolates were obtained and subjected to
morphological characterization and to evaluate for PGP activity and antagonistic assay
against the pathogen Bipolaris seteriae. Forty isolates exhibited significant antifungal
activity, with LEB-82 showing the highest inhibition (89.08%), followed by LEB-31
(85.60%), comparable to the positive control Pseudomonas fluorescens (84.90%).
Functional assays demonstrated LEB-82 consistently exhibited superior plant growth-
promoting traits such as HCN production, phosphate solubilization, siderophore
synthesis and ammonia production. These findings highlight the potential of browntop
millet associated endophytes, particularly LEB-82, as biofertilizers and biocontrol
agents to improve crop health and productivity under sustainable cultivation systems.
The study lays the groundwork for future applications of these endophytes in
biofertilizers and biocontrol agents, contributing to sustainable millet cultivation and

improved crop productivity.
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ILLETS, often referred to as ‘nutri-cereals’,

have historically played a vital role in
traditional farming systems across Asia and Africa
due to their adaptability, resilience and nutritional
richness (Gomashe, 2017). Among these, browntop
millet (Brachiaria ramosa), also known as korale,
is a lesser-known yet highly resilient millet species
that is emerging as a promising crop in sustainable
agriculture. Native to the Indian subcontinent and
parts of Southeast Asia, browntop millet is a
short-duration, drought-tolerant cereal that thrives

under poor soil and low-input conditions, making it
an ideal candidate for cultivation in marginal
environments (Mohanan et al., 2025). Its rich
nutritional composition, dietary fiber, iron, calcium
and antioxidants has contributed to its rising
demand in health-conscious and gluten-free food
markets (Singh et al., 2022). Endophytes are
microorganisms primarily bacteria and fungi that
reside within plant tissues without causing apparent
disease. These symbionts colonize roots, stems, leaves
and seeds forming mutualistic or commensal
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associations with their host plants (Yadav and Yadav,
2017).

The growing evidence highlights their functional
importance in plant biology, including enhancing
growth, modulating hormonal pathways, improving
nutrient uptake and conferring tolerance to abiotic
stresses such as drought, salinity and heavy metals,
as well as protection against biotic stresses including
pathogens and pests (Tripati et al., 2025). Notably,
endophytes produce bioactive metabolites such as
indole-3-acetic acid, siderophores and hydrolytic
enzymes that facilitate nutrient cycling and disease
suppression (Kumar et al., 2020). In recent years,
endophytes have gained considerable attention as
biofertilizers, biocontrol agents and stress-resilience
enhancers, aligning with the goals of sustainable and
climate-smart agriculture (Yadav et al., 2021).

Studies on finger millet, pearl millet and foxtail millet
have demonstrated the potential of endophytes to
improve crop productivity and disease resistance
(Nandhini et al., 2018). However, despite the
increasing nutritional and agricultural significance of
browntop millet, its endophytic communities remain
largely unexplored. This represents a critical gap, as
its inherent stress tolerance and low-input
requirements suggest the presence of a unique
endophytic consortium that may contribute to its
robustness (Vujanovic & Germida, 2017).

The isolation and characterization of endophytes
typically involve surface sterilization of plant tissues
followed by culturing on selective media, allowing
for the recovery of cultivable bacterial and fungal
isolates. Molecular and biochemical assays further
aid in identification and functional evaluation,
including traits such as phosphate solubilization,
nitrogen fixation, phytohormone production and
antifungal activity (Cosoveanu et al., 2021).
Harnessing such traits can reduce dependency on
chemical fertilizers and pesticides, supporting eco-
friendly agricultural practices. Therefore, the present
study was undertaken to isolate, identify and
functionally characterize endophytic microorganisms
from browntop millet, with a focus on their potential
role in plant growth promotion and biocontrol of leaf
blight disease.

MATERIAL AND METHODS
Collection of Sample

The browntop millet plant samples were collected
from different locations of Karnataka i.e., ZARS,
GKVK, Bengaluru, MARS, Raichur, KVK, Hagari,
Bellary and ARS, Bheemarayanagudi, Shahapur.

Isolation of Endophytic Bacteria

The collected healthy plant samples were rinsed
properly in running tap water to remove soil and dust
particles. Leaf segments, stem, grains and roots were
equally cut by sterilized scalpel, after which surface
sterilization was done under laminar air flow. For
eliminating surface microbes, washing of plant tissue
with 70 per cent ethanol for 5 min, subsequently with
0.4 per cent sodium hypochlorite for 4 min, three to
four times washing with sterile water (Bacon et al.,
2002). The surface sterilized samples were blot-dried
using sterile filter paper and impregnated on nutrient
agar plates in triplicate and plating was done from
the final wash, which serves as the control. The plates
were incubated at room temperature for 24 - 48 hours
and pure cultures of endophytic bacteria were
maintained on agar slants and glycerol stocks at -4°C
for further experimental studies (Raveendra and
Shivaprakash, 2018).

Morphological Identification of the Potential
Bacteria

For phenotypic identification of selected endophytic
bacteria based on the antagonistic activity against leaf
blight pathogen, various morphological parameters
(colony, shape and gram staining reaction) were
recorded. The gram staining technique was performed
to determine gram stain reaction of the isolates.
A compound bright-field microscope at 100x
magnification was used to view the gram stain slides
(Photolo et al., 2020).

Screening for Biocontrol Activity of Endophytic
Bacteria against Leaf Blight Pathogen

Endophytic isolates were screened for their antagonist
activity against leaf blight pathogen, (Bipolaris
seteria) of browntop millet isolated from the diseased
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samples collected from GKVK, Bengaluru. Both
endophytic bacterial isolate and pathogen were
inoculated on single potato dextrose agar (PDA) plate.
The pathogen (5 mm diameter disc) was inoculated
at the centre of PDA plate and 24-hour old culture of
endophytic bacteria (108 cfu/ ml) was streaked at
corner of the plate and incubated at 27 °C for four to
eight days in triplicates. Observations were recorded
when there was a full growth of pathogen in the control
plate. The per cent inhibition on growth of the test
pathogen was calculated using formula as suggested
by Vincent (1927).

I= (C-T) x 100

Where,
I = Per cent inhibition

C = Growth of fungal plant pathogens in control
(mm),

T = Growth of fungal plant pathogens in dual culture
plate (mm)

In vitro Screening of Endophytic Bacterial Isolates
for Plant Growth Promotion and other Attributes

Phosphate Solubilization

For phosphate solubilization study, a single colony
of each bacterial culture grown on NA plate was
streaked on to Pikovskaya’s agar plates containing
tricalcium phosphate and incubated at 25+ 2 °C for
7-10 days. The plates were analyzed for clear
phosphate solubilization zone around the colonies.
Phosphate solubilization was quantified by Phospho-
molybdate blue colour method and the blue colour
development was read in a spectrophotometer at 610
nm (Acevedo et al., 2014).

Qualitative Assay of Hydrogen Cyanide (HCN)
Production

HCN production of bacterial endophytes was tested
qualitatively following the method of Bakker and
Schipper (1987). The antagonistic bacteria were
streaked on NA medium amended with glycine at
4.4 g/l. Sterile filter paper saturated with picric acid
solution (2.5 g of picric acid; 12.5 g of Na,CO,, 1000

ml of distilled water) was placed in the upper lid of
the Petri plate. The dishes were sealed with Parafilm
and incubated at 28 °C for 48 h. A change of colour of
the filter paper from yellow to light brown, brown or
reddish-brown was recorded as weak (+), moderate
(++) or strong (+++) reaction, respectively.

Quantitative Assay of Hydrogen Cyanide (HCN)
Production

Suspension (3 ml of 108 cfu/ml) of each bacterial
isolate was inoculated in (250 ml) flask containing
NA broth medium (100 ml) amended with glycine
(4.4 g/1). Three replicates were used for each tested
isolate. Non inoculated flasks were used as control.
Strips of filter paper (10x0.5 cm) were soaked in
alkaline picrate solution and kept hanging to the
neck of the flask (one strip for each flask). The flasks
were plugged and sealed off with Parafilm. Three
replicates were used for each isolate. After incubation
at 28 + 2 °C for 4 days (with shaking at 140 rpm), the
color of sodium picrate strips was changed to a reddish
brown compound in proportion to the amount of
HCN evolved. The color was eluted by placing the
changed filter paper in a test tube containing 10 ml of
distilled water, and its absorbance was read by the
UV spectrophotometer at 625 nm. Distilled water was
used to adjust the zero absorbance reading at 625 nm
before taking reading (Reetha et al., 2014 and Abd
El-Rahman et al., 2019).

Screening for Siderophore Production

The siderophore production capability of isolates was
detected on Chrome azurol S (CAS) agar plates for
qualitative assay. Isolates were grown initially in
nutrient agar broth (NAB) for 24 hours on rotatory
shaker with 150 rpm at 28°C + 2 °C. Then 50pul of
bacterial suspension was spotted on CAS agar
plates and incubated for 4-5 days at 28+2 °C. Plates
were observed for production of yellow-orange halo
zone around the spot which indicates positive for
siderophore production (Schwyn and Neilands, 1987).

Quantitative Estimation of Siderophore
Production

Isolates found to be positive for siderophore
production were screened quantitatively using CAS
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liquid assay. After initial growth in NA, isolates were
transferred to siderophore inducing medium (SIM) and
incubated for 5 days on rotatory shaker with 200 rpm
at 28+£2°C. SIM was prepared as follows, Solution-1,
30.2 g of Piperazine-N,N’-bis (2-ethanesulphonic
acid) buffer dissolved in 750 ml of salts solution
containing KH, PO, (0.3 g), NaCl (0.5 g) and NH, Cl
(1 g). Iron free solution-2 was prepared with Glucose
(2 g), Mannitol (2 g), MgSO, 7H,0 (493 mg), CaCl,
(11 mg), MnSO, .H, O (1.17 mg), H, BO, (1.4 mg),
CuSO0,. 5H, 0 (0.04 mg), ZnSO,. 7H, O (1.2 mg) and
NaMoO,. 2H, O (1 mg) in 223 ml of distill water.
Solutions 1 and 2 were then autoclaved at 15 lbs for
15 minutes. Solution 3 was prepared by dissolving
casamino acid (10 % w/v) in distilled water, i.e., 3 g
in 27 ml of water and dissolved thoroughly on
magnetic stirrer. The solution was filter sterilized
using 0.2 micron membrane filter. Finally, solutions
2 and 3 were mixed into solution 1 and volume was
adjusted for 1000 ml with pH 6.8. Following
incubation of 5 days, cells were discarded by
centrifugation at 7,000 rpm for 15 minutes. Resultant
supernatant (0.5 ml) was mixed with the 0.5 ml CAS
assay solution, 10 gl of shuttle solution (2 M 5-
sulfosalicyclic acid) was added. After 20 minutes of
incubation at room temperature, absorbance was
measured at 630 nm to estimate the loss of blue color
to orange (Maheshwari et al., 2019). The percentage
of siderophore units were calculated by the formula:

[(Ar - As )/Ar] % 100

Where, Ar is the absorbance of reference sample at
630 nm (medium plus CAS assay solution and shuttle
solution) and A4s is the absorbance of sample
(supernatant plus CAS assay solution and shuttle
solution)

Ammonia Production

Ammonia production was analyzed using the
qualitative method of (Fouda et al., 2021). Bacterial
isolates were tested for the production of ammonia in
peptone water. Freshly grown cultures were inoculated
in 10 mL peptone water and incubated for 72 h at 35
°C. Nessler’s reagent (1 mL) was added to each tube
as a colorimetric reagent for ammonia production.

The color change to faint yellow indicated the
minimum ammonia production, while the color
change from deep yellow to a brownish color indicated
the maximum ammonia production.

Quantification of ammonia production was done by
Nesslerization spectrophotometric method. Two mL
of the broth was taken in a eppendorf tube and
centrifuged at 10,000 rpm for 5 min. Then 50 pl of
Na-K-tartarate (25g/50ml) and 50 pl of Nesslers
reagent were added sequentially to each tube
containing the supernatant and the absorbance was
measured at 450 nm (Mukherjee et al., 2017).

Statistical Analysis

The observations collected on various parameters both
in laboratory condition were subjected to appropriate
statistical analysis. The analysis of variance and
interpretation of data were done as per procedures
given by Gomez and Gomez (1984). Means were
separated according to Duncan Multiple Range Test
(DMRT) and error bars in figures were explained with
standard error, by using the Wasp 2.0 statistical tool.

RESULTS AND DISCUSSION

Isolation of Endophytic Bacteria

A total of nine healthy browntop millet (Urochloa
ramosa) samples were collected from different agro-
climatic regions of Karnataka to isolate endophytic
bacteria. From various plant tissues like roots, stems,
leaves and grains, a total of 85 endophytic bacterial
isolates were successfully obtained using surface
sterilization techniques and nutrient media. The
complete list of samples collected and source location
is presented in Table 1.

The number and diversity of isolates varied across
plant parts with root tissues yielding the highest
number of isolates. This variation can be attributed to
the distinct micro-environments and tissue-specific
biochemical profiles that influence microbial
colonization and endophyte community structure
(Kushwaha et al., 2020). The number of endophytes
varies among plant parts because each tissue provides
different nutrients, exposure and defense conditions;
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TaBLE 1

Details of browntop millet samples collected for isolation of endophytes

Place . . .

S1. No (District) Location Lattitude (N) Longitude (E)
Sample 1 | ZARS 13.081387 =% 77.541447 =%
Sample 2 ZARS 13.007701 =% 77.579004 =%
Sample 3 Bengaluru ZARS 13.081387 =% 77.541447 =%
Sample 4 | ZARS 13.007520 =* 77.350012 °
Sample 5] VC Farm, Research plot 16.204529 =% 77.326589 =%

Mandya
Sample 6 | Farmer Field 12.569237 =% 76.818152 =%
Sample 7 Bellary Hagari, KVK 15.141912 =% 77.063476 =%
Sample 8 Raichur MARS, UASR 16.120056 =% 77.204036 =%
Sample 9 Yadgir CoA, Bheemarayanagudi 16.733852 =% 76.799449 =%
roots usually host the most due to direct soil contact Morphological Characterization of the
and nutrient release, while leaves, stems and Endophytic Bacterial Isolates
reproductive tissues harbor fewer due to stronger . o
defenses and harsher environments. Higher number Morphological ~ characterization  revealed

of endophytic bacteria indicates their possible
contribution in promoting seed germination and
establishment or modulating other physiological
functions (Bhagyashree et al., 2023). The complete
list of isolates and their respective sources is presented
in Table 2.

considerable diversity among the isolates,
encompassing both Gram-positive and Gram-
negative bacteria, consistent with earlier findings
in cereals such as finger millet and maize (Verma
et al., 2021). Results of the study are depicted in
Table 3.

TABLE 2

Endophytic bacteria isolated from browntop millet

Saggle. Isolate Name II:OOI.at(:i

Sample 1 GEB- 11, GEB- 12, GEB- 13, GEB- 14, REB- 11, REB- 12, REB- 13, REB- 14, LEB- 11, 11
SEB- 11, SEB- 12

Sample 2 REB- 23, SEB- 21, SEB- 22, LEB- 21 4

Sample 3 LEB-31, LEB-32, SEB- 31, SEB-32, SEB-33, SEB- 34, REB- 31, REB- 32, GEB- 31, GEB- 32 10

Sample 4  LEB- 41, LEB- 42, REB- 41, REB- 42, SEB- 41

Sample 5 GEB-51, GEB- 52, GEB- 53, GEB- 54, SEB- 51,SEB- 52, SEB- 53, SEB- 54

Sample 6 LEB- 61, LEB- 62, LEB- 63, LEB- 64, LEB- 65, REB- 61, REB- 62, REB- 63, REB- 64, REB- 65, 16
REB- 66, REB- 67, SEB- 61, SEB- 62, SEB- 63, GEB- 61

Sample 7 REB- 71, REB- 72, REB- 73, REB- 74, REB- 75, GEB- 71, GEB- 72, LEB- 71 8

Sample 8 LEB- 81, LEB- 82, LEB- 83, LEB- 84, LEB- 85, LEB- 86, SEB- 81, SEB- 82, SEB- 83, 13
REB- 81, REB- 82, REB- 83, REB- 84

Sample 9 REB- 91, REB- 92, REB- 93, LEB- 91, LEB- 92, GEB- 91, GEB- 92, SEB- 91, SEB- 92, SEB-93 10

Note : Note: F- Fungi, E- Endophyte, L- Leaf, R- Root, S- Stem, G-Grain
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TABLE 3

Morphological characterization of endophytic bacterial isolates

B.acterial Colony Grams
isolate Appearance Cell shape .
name colour reaction
GEB- 11 Yellow Translucent, raised and smooth margin Rod Positive
GEB- 12 Light yellow Round, raised, smooth margin Cocci Negative
GEB- 13 Light creamish Round, raised, smooth margin Rod Positive
GEB- 14 White Translucent, raised and smooth margin Cocci Positive
REB- 11 White Flat, rough margin Rod Positive
REB- 12 Creamy white Raised, smooth margin Rod Positive
REB- 13 Yellow Raised, smooth margin Cocci Negative
REB- 14 Cream Flat, irregular margin Cocci Negative
LEB- 11 White Flat, rough margin Rod Positive
SEB- 11 Light yellow Round, raised, smooth margin Cocci Negative
SEB- 12 Yellow Raised, smooth margin Rod Positive
REB- 23 White Translucent, raised and smooth margin Cocci Positive
SEB- 21 Yellow Translucent, raised and smooth margin Rod Negative
SEB- 22 Cream Raised, smooth margin Cocci Negative
LEB- 21 White Raised, smooth margin Cocci Negative
LEB-31 Yellow Raised, smooth margin Rod Negative
LEB- 32 Cream Translucent, raised and smooth margin Short rod Negative
SEB- 31 Yellow Raised, smooth margin Rod Negative
SEB- 32 Yellow Raised, smooth margin Cocci Negative
SEB- 33 Yellow Raised, smooth margin Rod Positive
SEB- 34 Yellow Raised, smooth margin Cocci Negative
REB- 31 Cream Translucent, raised and smooth margin Cocci Negative
REB- 32 Cream Raised, smooth margin Short rod Negative
GEB- 31 White Translucent, raised and smooth margin Long rod Positive
GEB- 32 White Raised, smooth margin Long rod Positive
LEB- 41 Cream Sticky, Raised, rough margin Rod Positive
LEB- 42 White Sticky, Raised, rough margin Rod Positive
REB- 41 Cream Translucent, raised and smooth margin Cocci Positive
REB- 42 Cream Translucent, raised and smooth margin Cocci Negative
SEB- 41 White Translucent, raised and smooth margin Long rod Positive
GEB-51 Yellow Raised, smooth margin Cocci Negative
GEB- 52 Cream Raised, smooth margin Rod Positive
GEB- 53 Yellow Raised, rough margin Rod Positive
GEB- 54 Yellow Flat, rough margin Cocci Negative
SEB- 51 White Flat, rough margin Rod Positive
Continued....
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TaBLE 3 Continued....

B.acterial Colony Grams
isolate Appearance Cell shape .
name colour reaction
SEB- 52 Yellow Translucent, raised and smooth margin Short rod Positive
SEB- 53 Cream Raised, smooth margin Short rod Negative
SEB- 54 Cream Raised, smooth margin Comma Positive
LEB- 61 White Translucent, raised and smooth margin Cocci Positive
LEB- 62 Cream Flat, rough margin Cocci Positive
LEB- 63 White Translucent, raised and smooth margin Rod Positive
LEB- 64 White Flat, rough margin Cocci Negative
LEB- 65 White Raised, smooth margin Comma Negative
REB- 61 Cream Raised, smooth margin Rod Positive
REB- 62 Cream Sticky, Flat, rough margin Cocci Negative
REB- 63 Yellow Raised, smooth margin Cocci Negative
REB- 64 White Raised, smooth margin Cocci Positive
REB- 65 White Flat, rough margin Rod Positive
REB- 66 White Flat, rough margin Rod Negative
REB- 67 White Raised, smooth margin Rod Negative
SEB- 61 Cream Sticky, Raised, rough margin Rod Positive
SEB- 62 White Translucent, raised and smooth margin Comma Negative
SEB- 63 White Sticky, Raised, rough margin Cocci Positive
GEB- 61 Creamish white Flat, rough margin Cocci Negative
REB- 71 White Raised, smooth margin Rod Positive
REB- 72 Cream Flat, rough margin Rod Positive
REB- 73 White Raised, smooth margin Cocci Negative
REB- 74 White Raised, smooth margin Cocci Positive
REB- 75 White Flat, rough margin Rod Positive
GEB- 71 Yellow Flat, rough margin Rod Negative
GEB- 72 Yellow Raised, smooth margin Cocci Negative
LEB-71 Yellow Flat, rough margin Rod Positive
LEB- 81 White Raised, smooth margin Rod Positive
LEB- 82 Yellow Flat, smooth margin Rod Negative
LEB- 83 White Flat, rough margin Rod Positive
LEB- 84 Cream Flat, rough margin Rod Positive
LEB- 85 White Raised, smooth margin Cocci Positive
LEB- 86 Cream Raised, smooth margin Rod Positive
SEB- 81 Cream Raised, smooth margin Rod Positive
SEB- 82 White Sticky, flat, rough margin Cocci Positive
SEB- 83 Yellow Translucent, raised and smooth margin Rod Negative
Continued....
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TaBLE 3 Continued....

B.acterial Colony Grams
isolate Appearance Cell shape .
name colour reaction
REB- 81 Cream Raised, smooth margin Rod Negative
REB- 82 White Raised, smooth margin Cocci Negative
REB- 83 White Translucent, raised and smooth margin Long rod Positive
REB- 84 Yellow Raised, smooth margin Cocci Positive
REB-91 White Raised, smooth margin Rod Positive
REB- 92 Cream Raised, smooth margin Cocci Positive
REB- 93 White Flat, rough margin Long rod Positive
LEB-91 White Flat, rough margin Rod Positive
LEB- 92 Cream Raised, smooth margin Rod Negative
GEB- 91 Cream Flat, rough margin Cocci Negative
GEB- 92 White Raised, smooth margin Cocci Positive
SEB- 91 White Flat, rough margin Rod Positive
SEB- 92 White Raised, smooth margin Rod Positive
SEB- 93 Cream Flat, rough margin Rod Negative

Biocontrol Activity of Endophytic Bacteria against
Fungal Pathogen

All 85 endophytic isolates were screened for their
ability to inhibit Bipolaris setariae, the causative
agent of leaf blight in browntop millet, using the dual
culture assay. The zone of inhibition was measured
and the percentage inhibition was calculated
relative to the untreated control.

Forty isolates exhibited significant antagonistic
activity against Bipolaris setariae, the causal agent
of leaf blight in browntop millet. Among these,
LEB-82 (Pseudomonas putida GKVK-2) displayed
the highest inhibition (89.08%), followed by LEB-31
(Pseudonmonas chlororaphis GKVK-1) (85.60%),
which was comparable to the inhibition caused by
the positive control Pseudomonas fluorescens
(84.90%). The antifungal activity of these isolates
is likely mediated by the production of antibiotics,
siderophores, HCN and volatile inhibitory
compounds, which disrupt fungal growth and
metabolism. Similar observations have been reported
in rice and wheat endophytes, where Bacillus and

Pseudomonas spp. significantly suppressed fungal
pathogens through multiple antagonistic mechanisms
(Zhao et al., 2018). The suppression of mycelial
growth of fungal pathogen by bacterial endophytes
may be due to the production of inhibitory allelo-
chemicals, volatile and non volatile compunds,
hydrogen cyanide and cell wall degrading enzymes
by antagonists (Raveendra and Shivaprakash,
2018). These results highlight the strong potential
of browntop millet endophytes as biocontrol
agents against foliar pathogens. These results
highlight the strong potential of browntop millet
endophytes as biocontrol agents against foliar
pathogens. The detailed results of the antagonistic
activity are represented in (Fig. 1 and Table 4).

P Solubilization

In the preliminary qualitative test of the efficient
fourty bacterial isolates 20 isolates solubilized
phosphate with the solubilizing index ranging from
1.65 to 3.10, the highest solubilization was observed
by SEB-11 followed by LEB-82. The quantitative
analysis of phosphate solubilization of the isolates
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Fig. 1 : Biocontrol activity of bacterial endophytes in dual culture assay against Bipolaris seteriae
TABLE 4 TaBLE 4 Continued....
Screening of the endophytic bacterial isolates Bacterial Isolate % Inhibition
in-vitro against Bipolaris seteriae ’
by dual culture REB- 67 4407 m
Bacterial Isolate % Inhibition GEB-61 3712 ™
LEB-71 43.28 *
GEB-11 5225 " LEB- 72 52.66
GEB-12 41.04 * REB-71 42 .46 o
GEB-13 78.38 ¢ REB-72 64.13 ¢
SEB- 11 56.43 REB-73 35.41 ¥
SEB- 22 43.17 ™ REB-75 42.18 ra
GEB- 32 49.08 GEB-72 41.64 var
SEB-31 78.26 © LEB- 81 4155 @
SEB- 32 62.07 *
‘ Note : Means with same superscript, in a column do not differ
SEB-33 62.37 significantly at P = < 0.05 as per DMRT '
REB-32 58.39 S
- l . .o, . oq . . :
REB- 33 45.06 . which have showed positive solubilization revealed J&
LEB- 31 85.60 . significant results. The highest solubilization was c\g
REB- 44 5248 " recorded by SEB-11 followed by LEB-82 (Plate 3 (A) [§
GEB-51 6224 f and Table 5). \5
SEB- 61 43.55 m iN
REB-61 5209 i Among the effective isolates, 20 demonstrated [Sg
REB- 62 429 phosphate solubilization with indices ranging §
REB- 63 46.90 & from 1.65 to 3.10. The highest solubilization was B
REB- 64 38,66 ¢ ojl;served in SITZB-'ll (3.10) foi‘lovs;led by Lf]'EB-S(Z1 §
REB. 65 4438 ! (2.97). Quantitative assays further confirme ®
' SEB-11 and LEB-82 as the most efficient [
Continued.... §
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TABLE 5
In vitro assay of bacterial isolates for plant growth promotion (PGP) and other attributes

. Phosphate Phosphate . Ammonia . Siderophore HCN
isljlil Ct?lejclle solu})ilri)zation solubilli)zation I;A;ggsggi Production Egﬁﬁgﬁfﬁ Produstion prol({igi\ltion production
index (ug/mL) (mg/L) (%) (mg/L)
GEB-11 2.76 9.84 ¢ - 0.00 © ++ 53.67 ¢ + 0.015 ¢
GEB-13 1.68 512 f ++ 342 ¢ ++ 57.55 < ++ 0.034
SEB- 11 3.10 14.75 # + 1.33 ¢ + 5391 ¢ - 0.000 "
GEB- 32 1.75 7.75 ¢ + 1.75 ¢ ++ 70.14 ° + 0.014 ¢
SEB-31 2.68 10.73 © 4+ 3.94 © + 55.08 f - 0.000 "
SEB- 32 1.65 6.02 © + 1.15 ¢ ++ 56.74 * ++ 0.064
SEB-33 0.00 0.00 ¢ - 0.00 © +++ 69.52 ++ 0.059 «
REB-32 0.00 0.00 ¢ + 2.19 f ++ 56.86 f - 0.000 *
LEB- 31 2.87 12.88 © +++ 4.08 ® +++ 65.61 « +++ 0.113 °®
REB- 44 2.30 12.68 ° + 1.61 ¢ + 63.38 ¢ - 0.000 *
GEB-51 2.22 8.92 ¢ + 1.98 ¢ + 5591 ++ 0.036
REB-61 2.13 11.95° ++ 3.01 ¢ +++ 64.18 ¢« - 0.000 *
REB- 63 0.00 0.00 ¢ + 2.52 ¢ ++ 65.38 « - 0.000 *
REB- 65 0.00 0.00 ¢ + 1.31 ¢ + 54.02 ¢ - 0.000 *
LEB- 72 0.00 0.00 ¢ + 2.73 ¢ ++ 5644 f - 0.000 *
REB-72 1.82 7.02 ¢ ++ 3.28 ¢ + 57.61 < +++ 0.079 *
LEB- 82 2.97 13.62 ® +++ 431 @ +++ 76.34 ® ++ 0.169 *
LEB- 85 1.71 6.66 © + 2.89 ¢ ++ 56.57 f + 0.052 @
REB-84 1.97 549 f + 237 ° ++ 53.01 ¢ ++ 0.064 <«
SEB- 82 2.61 10.82 ¢ - 0.00 © +++ 5477 + 0.028 '
Pseudomonas sp. 2.95 13.65 ® +++ 3.65° 4+ 69.98 ++ 0.083 e

Note : Means with same superscript, in a column do not differ significantly at P = < 0.05 as per DMRT

B. Stem C. Grains

Plate 1 : Isolation of endophytes from browntop millet plant parts

¢!
)
Q
3
:
Q
=
D
6]
~
S
N
~
S
~
~
ey
o
)
S
N
00
~
\'
Q
=
S
o
5
5
S
S
N
N
S
el
<
|

332




Mysore J. Agric. Sci., 60 (1) : 323-336 (2025) C. SHRUTHI ef al.

A. Isolate LEB-31 B. Isolate LEB-82 C. Pseudomonas fluorescens D. Control Pathogen

Plate 2 : Biocontrol assay of bacterial endophytes against pathogen

Plate 3 : Plant growth promotion activity of bacterial endophytes of browntop millet
(A) HCN Production, (B) PO,? Solubilisation, (C) Ammonia production and (D) Siderophore production of bacteria
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solubilizers, releasing 14.75 ng/mL and 13.62 pg/mL
phosphate, respectively. Phosphate solubilization
is a critical plant growth-promoting trait that enhances
nutrient availability. Comparable findings were
reported in pea endophytes, where Enterobacter and
Bacillus spp. solubilized tricalcium phosphate,
thereby improving phosphorus uptake (Tariq et al.,
2014). Thus, the phosphate solubilizing ability of
browntop millet endophytes indicates their potential
to reduce chemical fertilizer dependency.

Ammonia Production

Out of the 40 efficient endophytic bacterial isolates
tested, 20 produced detectable levels of ammonia in
peptone water medium, as confirmed by color change
with Nessler’s reagent Plate 3 (C). Quantitative
analysis showed that ammonia production ranged from
1.15 mg/L to 4.31 mg/L. Among the isolates, LEB-82
exhibited the maximum production (4.31 mg/L),
followed by LEB-31 (4.08 mg/L) presented in
Table 5. Several other isolates, including REB-61
(3.01 mg/L) and SEB-31 (3.94 mg/L), also recorded
significant ammonia production.

Ammonia production by bacterial endophytes is a key
trait that contributes to plant nutrition and health.
Ammonia serves as areadily available nitrogen source
for plants and may enhance root and shoot
development under nutrient-limiting conditions
(Fouda et al., 2021). Additionally, ammonia-producing
bacteria are reported to indirectly suppress certain soil
borne pathogens by creating localized toxic effects in
the rhizosphere (Wani et al., 2007). Our findings
align with earlier studies where endophytic Bacillus
and Enterobacter species from chickpea and sorghum
demonstrated similar ammonia-producing capacities,
enhancing soil fertility and crop growth (Fouda et al.,
2021).

HCN Production

Hydrogen cyanide (HCN) production was detected
in 12 out of 20 tested endophytic bacterial isolates.
Quantitative assays revealed that LEB-82 produced
the highest level of HCN (0.169 mg/L), followed by
LEB-31 (0.113 mg/L) and REB-72 (0.079 mg/L).

Several isolates showed moderate activity (0.034—
0.064 mg/L), while others displayed weak or no
detectable HCN production. The results are presented
in the Plate 3(B) and Table 5.

HCN is a volatile secondary metabolite with strong
antifungal and antibacterial properties. It is known to
inhibit pathogen growth by interfering with
cytochrome ¢ oxidase and blocking the electron
transport chain in fungal cells. The ability of browntop
millet endophytes to produce HCN highlights their
potential as biocontrol agents against foliar and soil
borne pathogens. The present findings are similar with
earlier reports where Pseudomonas fluorescens and
Bacillus subtilis endophytes suppressed pathogens
such as Macrophomina phaseolina and Fusarium
oxysporum through HCN-mediated inhibition (Reetha
et al., 2014 and Abd El-Rahman et al., 2019). The
high HCN production by LEB-82, coupled with its
strong antifungal activity against Bipolaris setariae,
demonstrates a clear link between metabolite
production and biocontrol efficiency.

Siderophore Production

In the qualitative screening, 20 isolates tested positive
for siderophore production. Subsequent quantitative
analysis revealed that LEB-82 produced the highest
levels of siderophores, followed by GEB-32. The
results are presented in Plate 3(D). The reference
strain, included for comparison, showed 70 per cent
siderophore production. Some isolates exceeded this
value, indicating their superior capacity for iron
chelation and potential to outcompete phytopathogens
for iron in the rhizosphere.

Siderophore production was observed in 20 isolates,
with LEB-82 producing the highest (76.34%),
surpassing the reference strain (69.98%).
Siderophores chelate iron, limiting its availability to
pathogens and thereby restricting their growth. Results
are presented in Table 5. The role of siderophores in
pathogen suppression and growth promotion has been
widely established in cereals (Maheshwari et al.,
2019). The high siderophore activity of LEB-82
suggests its strong competitive advantage in the
rhizosphere and phyllosphere environments.
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The present investigation establishes that browntop
millet harbors diverse endophytic bacteria with
significant plant growth-promoting and antagonistic
properties. Among the 85 isolates, LEB-82 and
LEB-31 demonstrated superior multifunctional traits,
including phosphate solubilization, siderophore and
HCN prouction, ammonia release and strong
antifungal activity against Bipolaris setariae. These
findings highlight the potential of endophytic bacteria
as eco-friendly alternatives to chemical fertilizers and
fungicides for improving the productivity and disease
resistance of browntop millet.

In conclusion, the study underscores the role of
browntop millet endophytes as promising
bioinoculants that can be harnessed for integrated
nutrient and disease management. Future work
involving molecular identification, genome mining,
metabolite profiling, and field validation of the most
efficient isolates will be essential for translating these
results into practical applications. The successful
exploitation of such endophytes will not only enhance
the resilience and productivity of browntop millet but
also contribute to sustainable agricultural practices
in stress-prone ecosystems.
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