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Abstract 

 
The endosphere biology attracts increasing interest from researchers seeking to 
understand plant-microbe synergism and the bio-efficacy of microbial inoculants in 
enhancing plant growth and soil health. This study was designed to isolate and identify a 
novel seed-borne endophytic Lysinibacillus sphaericus YEBEVIA with plant growth-
promoting capabilities and bioinoculation potential. Morphological assessment revealed 
that isolate D3 was a Gram-positive, rod-shaped bacterium with a large cell size and 
undulated colony margins. All the isolates fermented glucose, fructose, sucrose, and 
maltose, producing only acid from lactose. PGP screening demonstrated that all isolates 
exhibited beneficial traits, although at varying intensities. Lysinibacillus sphaericus 
YEBEVIA displayed remarkable zinc-solubilizing ability (3.0 cm), siderophore production 
(2.5 cm), and high HCN activity (2.87 µg/mL). Phosphate solubilization (17.46 µg/mL) and 
IAA production (14.26 µg/mL) were also notably high in L. sphaericus YEBEVIA. Heavy-
metal tolerance assays revealed that L. sphaericus YEBEVIA responded positively to 
increasing concentrations of zinc and lead, with the highest growth observed at 2 g 
supplementation. Enhanced tolerance to chromium was also recorded, whereas cadmium 
showed no significant effect compared with the control. Minimum inhibitory concentration 
(MIC) effects were observed only with lead sulphate, producing inhibitory zones of 5.1 cm, 
2.5 cm, and 6.8 cm. Bioinoculation studies showed significant improvements in maize 
growth. Under field conditions, inoculated plants developed 13 leaves, 41 roots, and a fresh 
weight of 256.9 g, while greenhouse trials produced comparable enhancements. These 
findings highlight the strong potential of L. sphaericus YEBEVIA as a biofertilizer for 
sustainable crop improvement. 
 
Keywords: bioinoculation; cereal crops; heavy-metal tolerance; maize growth enhancement; 
plant growth promotion; seed-borne beneficial bacteria 
 



Adeleke, B. S.    Curr. Appl. Sci. Technol.  , Vol. … (No…), e0270010 
 
 

2 

1. Introduction 
 
Growing maize as a staple cereal crop has continued to attract the interest of farmers due 
to its rich nutritional profile and economic value (Adeleke & Fakoya, 2025). It serves as a 
major source of food for humans and animals, provides livestock feed, and functions as an 
important raw material in various industries (Abiodun et al., 2021). Globally, and particularly 
in Nigeria, maize cultivation has expanded significantly, contributing to agricultural and 
economic development across diverse agro-ecological regions. While increasing maize 
production to ensure food security remains a key priority, the heavy reliance on 
agrochemicals has made this approach unsustainable because of the associated 
environmental and health consequences (Lipková et al., 2021). Therefore, improving maize 
productivity through environmentally friendly strategies requires innovative biorational 
approaches that utilize potent microorganisms of agricultural importance. 

Maize seeds harbor diverse microorganisms within their endosphere, including 
endophytic bacteria that colonize internal seed tissues without harmful consequences 
(Wallace, 2023). These seed-borne endophytes have gained scientific attention due to their 
remarkable attributes in plant growth promotion, nutrient bioavailability and acquisition, 
enhancement of plant resilience to environmental stresses, and biocontrol of 
phytopathogens (Hu et al., 2025). Their vertical transmission from seed to seedling makes 
them particularly valuable, as they ensure early colonization of emerging plants, thereby 
supporting healthy growth and long-term plant health (Zhang et al., 2017). Consequently, 
seed-associated bacteria represent a promising research frontier in sustainable agriculture 
(Walitang et al., 2017). 

Among the plant growth-promoting endophytic bacteria, Lysinibacillus sphaericus 
has attracted considerable interest because of its multifunctional qualities, including 
biocontrol and bioremediation potentials (Shabanamol et al., 2018). Although Lysinibacillus 
fusiformis and Bacillus cereus have been reported as plant growth-promoting bacteria 
(Aguilar et al., 2025). Recent studies have demonstrated their ability to enhance plant 
growth through the production of indole-3-acetic acid (IAA), exopolysaccharides, 
siderophores, ammonia, and the solubilization of essential soil nutrients (Eke et al., 2019; 
Shabanamol et al., 2018). 

However, while several studies have focused on soil-associated strains (Lebrazi 
et al., 2020; AlAli et al., 2021), research on seed-borne endophytic L. sphaericus YEBEVIA 
remains limited. Compared with rhizobacterial strains inhabiting the soil environment, 
endophytic L. sphaericus with distinct functional traits can readily colonize internal plant 
tissues and establish synergistic interactions with their host (Chen et al., 2024). These 
interactions influence the biochemical and physiological processes of plants through the 
synthesis of phytohormones, enhanced nutrient mobilization, and the mitigation of biotic 
and abiotic stresses (Adeleke & Fakoya, 2025). While soil-associated L. sphaericus 
primarily contributes to nutrient cycling, bioremediation, and pollutant control that sustain 
soil health, endophytic strains often promote plant growth more directly through their 
intimate association with plant tissues and their potential for vertical transmission from seed 
to seedling (Sun et al., 2023). Despite these advantages, the mechanisms employed by 
plant growth-promoting bacteria associated with maize seeds and soil remain poorly 
understood, thereby limiting their broader application as bioinoculants for improving maize 
productivity (Sun et al., 2023). Consequently, the identification of indigenous seed-borne 
endophytes is essential for bridging the gap between research and agricultural practice, 
particularly in promoting eco-friendly agro-inputs that are compatible with local 
ecosystems. Understanding these microbial communities will support the development of 
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sustainable agricultural practices and reduce dependence on chemical fertilizers 
(Abdelfattah et al., 2023). 

Therefore, the objective of this study is to isolate and molecularly identify the 
endophytic bacterium Lysinibacillus sphaericus YEBEVIA from the maize seed 
endosphere and to evaluate its novelty and potential role as a plant growth-promoting 
bacterium. This investigation seeks to expand current knowledge of beneficial endophytic 
bacteria and their relevance to biorational agricultural practices and sustainable maize 
production. 
 

2. Materials and Methods 
 
2.1 Sample collection, preparation, and microbial analysis 
 
Approximately 70 g of healthy maize seeds (SUWAN) purchased from Premier Seed 
Nigeria Limited were weighed and prepared for surface sterilization by putting them into 
sterile distilled water to remove the traces of dirt and floating materials, washed thoroughly, 
and soaked in sterile distilled water for 1 h. Then, the maize seeds were further surface 
sterilized using 70% ethanol for 1 min, followed by 3.5% hypochlorite for 30 s, and then 
70% ethanol was added for 1 min, and rinsed with distilled water 5 times. The sterilized 
samples were macerated inside a mortar and pestle by adding a little sterile distilled water. 
Then, 1 g of the slurry obtained was weighed and aseptically dispensed into Falcon tubes 
containing 9 mL sterile distilled water and mixed properly. Afterwards, 1.0 mL of the diluent 
was aseptically pipetted and serially diluted up to 106 dilutions. From dilutions 102 and 103, 
0.1 ml of the suspension was withdrawn and gently dispensed into a labelled sterile Petri 
dish in triplicate using a 5 mL sterile pipette and poured with sterilized molten nutrient agar. 
The Petri plates were incubated at 37ºC for 24 h and observed for bacterial growth. Distinct 
bacterial colonies on the plates were counted, recorded, and selected based on 
morphological characteristics. The streaking method was employed to obtain pure bacterial 
cultures, which were stored for further analysis. Gram staining and various biochemical 
tests, such as catalase, hydrogen sulfide production, starch hydrolysis, indole production, 
gelatin and sugar fermentation test, were performed on the bacterial isolates (Adeleke et 
al., 2022). 
 
2.2 Screening of pure bacterial isolates for plant growth-promoting traits 
 
2.2.1 Production of indole-3-acetic acid 
 
The bacterial isolates were screened for IAA production in IAA-production medium 
supplemented with L-tryptophan. 2 g peptone, 1 g NaCl, and 0.2 g tryptophan were 
weighed and dispensed into 200 mL sterile distilled water. Ten mL of the solution was 
dispensed into Falcon tubes and sterilized at 121ºC for 15 min and allowed to cool down. 
After cooling, a loopful of the bacteria was inoculated and incubated for 48 h at 37ºC.  The 
broth cultures were centrifuged at 4000 rpm for 10 min. After centrifugation, 3 drops of 
orthophosphoric acid and 4 mL Salkowski reagent (0.05L of 35% perchloric acid and 1 mL 
of 0.5M FeCl2.6H2O) were added to 2 mL of the cell supernatant. The mixture was 
incubated in the dark for 30 min. The development of pink coloration indicated IAA 
production. A tube without bacterial inoculation served as a control. The quantity of the IAA 
produced in the inoculated IAA-production medium was determined using a 
spectrophotometer at 530 nm (Adeleke et al., 2022). 
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2.2.2 Hydrogen cyanide production test 
 
The hydrogen production ability of bacterial isolates was tested by weighing 0.8 g of glycine 
and 3.2 g of nutrient broth into 200 mL of distilled water. Ten mL of the solution was 
dispensed into each Falcon tube and sterilized at 121ºC for 15 min. After sterilization, the 
tubes were allowed to cool. Whatman paper cut into sizes was soaked inside with picric 
acid, and sodium carbonate solution (1 g of sodium carbonate was dissolved in 50 mL of 
distilled water). A loopful of the bacteria was inoculated into each Falcon tube with soaked 
Whatman filter paper plugged with cotton wool into the tubes just above the broth solution 
and incubated at 37ºC for 7 days. After incubation, the change in color of the Whatman 
paper from yellow to deep orange indicated the production of hydrogen cyanide. The 
uninoculated tube served as a control. The quantity of the HCN produced in the inoculated 
HCN-production medium was determined using a spectrophotometer at 300 nm (Adeleke 
et al., 2022).  
 
2.2.3 Phosphate solubilization 
 
Phosphate solubilization test was carried out in a modified Pikovskaya agar composed of 
2.5 g of tricalcium phosphate, 5 g of glucose, 0.001 g of MnSO4·H2O, 0.1 g of NaCl, 0.1 g 
of KCl, 0.05 g of MgSO4, and 0.25 g of yeast extract, 7.5 g of agar, and 500 mL of distilled 
water. The medium was sterilized at 121ºC for 15 min. The sterilized medium was allowed 
to cool before pouring plating under aseptic conditions. The plates were spot inoculated at 
the center with the 24-h-old bacterial culture and incubated at 37ºC for 7 days. The zone 
of clearance around the colony on the cultured plates indicated positive results. A plate 
without bacterial inoculation served as a control (Adeleke et al., 2022). The quantity of 
phosphorus produced was determined in a Pikovskaya broth medium inside Falcon tube 
inoculated with a loopful of the bacterial cultures and incubated at 37ºC for 5 days. The 
absorbance of the broth cultures was measured at 600 nm using a spectrophotometer 
(Adeleke et al., 2022). 
 
2.2.4 Zinc solubilization 
 
For zinc solubilization screening, 10 g of dextrose, 1 g of ammonia sulphate, 0.2 g of 
potassium chloride, 0.1 g of dipotassium hydrogen phosphate, 0.2 g of magnesium 
sulphate, zinc carbonate 0.1%, and 7.5 g of agar were weighed into 500 mL of sterile 
distilled water and sterilized at 121ºC for 15 min. The solution was allowed to cool and 
poured plated under aseptic conditions. Bacterial cultures (24-h-old) were spot inoculated 
at the center of each plate and then incubated at 37ºC for 48 h. The formation of a 
clearance zone around the colonies indicated zinc. A plate without bacterial inoculation 
served as a control for solubilization (Adeleke et al., 2022). The quantity of zinc produced 
in the inoculated zinc-production broth medium was determined using a spectrophotometer 
at 600 nm (Adeleke et al., 2022).  
 
2.2.5 Ammonia production 
 
Ammonia production was performed by weighing 3 g of peptone water into 200 mL of sterile 
distilled water in a 500 mL conical flask. Ten mL of the solution was dispensed into each 
Falcon tube and autoclaved at 121ºC for 15 min. After autoclaving, the tubes were allowed 
to cool, and a loopful of the bacterial culture was inoculated and incubated at 37ºC for 48 
h. After the incubation, 0.5 mL of Nessler’s reagent was dropped into each Falcon tube 
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and was left for 5 min and allowed to stand. A color change from slight yellow to brownish 
indicated ammonia production. A tube without bacterial inoculation served as a control.  
The quantity of the ammonia produced in the inoculated ammonia-production medium was 
determined using a spectrophotometer at 425 nm (Adeleke et al., 2022).  
 
2.2.6 Exopolysaccharide production 
 
For the exopolysaccharide production test, 14 g of nutrient agar was prepared into 500 mL 
of sterile distilled water. The medium was amended with 12.5 g of sucrose and sterilized 
at 121ºC for 15 min. After cooling, sterile Whatman No 1 paper cut into pieces of equal 
diameter was placed inside the plates containing solidified media. Then, a loopful of 
bacterial suspension was dropped on the sterile Whatman paper and incubated at 37ºC for 
48 h. The cloudy colony growth around the filter paper indicated a positive test. 
Uninoculated plates serve as a control. The quantity of the exopolysaccharide produced in 
the inoculated exopolysaccharide nutrient broth medium was determined using a 
spectrophotometer at 600 nm (Adeleke et al., 2022).  
 
2.2.7 Nitrogen fixation 
 
The medium of nitrogen fixation is composed of 10 g of sucrose, 0.5 g of K2HPO4, 0.25 g 
of MgSO4, 0.25 g of NaCl, 0.05 g of FeSO4·7H2O, 1 g of CaCO3, 7.5 g of agar, 0.0025g of 
NaMoO4, and 500 mL of distilled water. The medium was sterilized at 121ºC for 15 min. 
The solution was allowed to cool and poured plated under aseptic conditions. 24-h-old 
bacteria were spot inoculated at the center of each plate and then incubated at 37ºC for 7 
days. The clear zone around the colony indicated a positive result. A plate without bacterial 
inoculation served as a control. The quantity of the nitrogen produced in the inoculated 
nitrogen-production broth medium was determined using a spectrophotometer at 600 nm 
(Adeleke et al., 2022).  
 
2.2.8 Siderophore production 
 
For the siderophore production test, the bacterial isolates were inoculated in a medium 
containing Chrome Azurol S (CAS) following the method of Adeleke et al. (2022) with little 
modification. After a streak inoculation with a 24-h-old bacterial culture, the Petri plates 
were incubated for 72 h at 37ºC. The appearance of yellow or orange coloration around 
the colonies implied siderophore production. The quantity of the siderophore produced in 
the inoculated siderophore-production medium was determined using a spectrophotometer 
at 530 nm.  
 
2.3 Effect of heavy metals on bacterial growth and minimum inhibitory 
concentration (MIC) determination 
 
The bacterial response to heavy metals, such as lead, zinc, chromium, iron, and cadmium, 
was determined in a nutrient broth supplemented with heavy metals. Briefly, 80 mL of 
sterile distilled water was measured into 4 different conical flasks, each containing 1.04 g 
of nutrient broth. Different concentrations of heavy metals, 2, 4, 6, and 8 g of lead, zinc, 
chromium, iron, and cadmium sulphates were measured separately and mixed. The 
solution in each of the conical flasks was dispensed into 10 mL Falcon tubes with 
appropriate labelling. The Falcon tubes were sterilized at 121ºC for 15 min and then 
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allowed to cool. After cooling, the tubes were inoculated separately with the isolated 
bacteria and incubated at 37ºC for 24 h. The bacterial growth response to lead, zinc, 
chromium, iron, and cadmium was measured using a spectrophotometer at 600 nm. 

The MIC of heavy metals on bacterial growth was achieved in a heavy-metal-
containing medium. Briefly, 11.2 g of nutrient agar was weighed and dispensed into conical 
flasks containing 400 mL of sterile distilled water with amended different concentrations of 
heavy metals, lead, zinc, chromium, iron, and cadmium at 2 g, 4 g, 6 g, and 8 g, 
respectively, poured into different conical flasks separately. Then, the solution was 
sterilized, allowed to cool, and pour plated and allowed to solidify. Then, plates were point-
inoculated with the pure bacterial cultures and incubated at 37ºC for 48 h. The zone of 
clearance around the colony on the culture plate indicated a positive result. The results 
obtained were compared with the control, uninoculated (Adeleke & Fakoya, 2025).  
 
2.4 Indole 3-acetic acid production in a medium supplemented with carbon 
sources 
 
To check for optimization of IAA using tryptophan as a sole substrate in the medium, varied 
concentrations of glucose, lactose, and fructose at 2 g, 4 g, 6 g, and 8 g were supplemented 
into the IAA medium composed of 1.0 g of tryptophan in each of the sugar solutions.  The 
medium was dispensed into Falcon tubes and sterilized at 121ºC for 15 min. After cooling, 
the tubes were inoculated with bacterial cultures and incubated at 37ºC for 24 h. The 
bacterial growth response was measured using a spectrophotometer at 600 nm. 
Uninoculated Falcon tubes serve as control (Adeleke et al., 2022).  
 
2.5 Bacterial identification by molecular analysis 
 
The genomic DNA was extracted from the bacterial cultures using Quick-DNA™ 
Fungal/Bacterial Miniprep Kit (Zymo Research, Catalogue No. D6005) following the 
manufacturer’s protocol (Altschul et al., 1997). The quality and quantity of the extracted 
DNA were measured using a nanodrop (Thermo Scientific™ NanoDrop™ One 
Microvolume UV-Vis Spectrophotometer). The system was blanked using 1 µl of DNA 
Elution Buffer. Afterwards, 1 µl of the DNA was placed on the pedestal and measured. The 
concentration (ng/µl), A260/280 ratio, and A260/230 ratio of the sample were subsequently 
recorded (Altschul et al., 1997).  
 
Polymerase chain reaction (PCR) amplification:  
The target region of the PCR product was amplified using OneTaq® Quick-Load® 2X 
MasterMix  (NEB, Catalogue No. M0486). The identified isolate was subjected to PCR 
using the primers: forward, 27F - (5’ AGAGTTTGATCMTGGCTCAG 3’) and reverse, 
1492R - (5’CGGTTACCTTGTTACGACTT 3’). The primers were purchased from Inqaba 
Biotechnological Industrial (Pty) Ltd, Ibadan, Nigeria. A total of 25 µL reaction mixture 
composed of 1 µL of template DNA, 0.5 µL (10 nM) of 10 µM Forward primer, 0.5 µL (10nM) 
of 10 µM Reversed primer, 12.5µL for One Taq Quick Load 2X Master Mix with standard 
buffer, 10.5 µL Nuclease-free water. The samples were then subjected to the following 
thermal cycling conditions using the Eppendorf Mastercycler Nexus gradient 230. The PCR 
conditions were set at initial denaturation at 94ºC for 5 min, denaturation1 at 94ºC for 30 s, 
annealing1 at 50ºC for 30 , extension1 at 68 ºC for 1 min and 30 s, denaturation2 at 94ºC 
for 1 min and 30 s, annealing2 at 53ºC for 30 s, extension2 at 68ºC for 1 min and 30 s, 
denaturation3 at 94ºC for 30 s, annealing3 at 55ºC for 30 s, extension3 at 68 ºC for 1 min 

https://international.neb.com/protocols/2012/09/11/protocol-for-onetaq-quick-load-2x-master-mix-with-standard-buffer-m0486
https://international.neb.com/protocols/2012/09/11/protocol-for-onetaq-quick-load-2x-master-mix-with-standard-buffer-m0486
https://international.neb.com/protocols/2012/09/11/protocol-for-onetaq-quick-load-2x-master-mix-with-standard-buffer-m0486
https://international.neb.com/protocols/2012/09/11/protocol-for-onetaq-quick-load-2x-master-mix-with-standard-buffer-m0486
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and 30 s, final extension at 68ºC for 10 min, and hold at 4oC till infinity. The PCR underwent 
35 cycles of amplification (Altschul et al., 1997).  

 
Gel electrophoresis:  
After PCR amplification, 2 ul of each PCR product was run on 1% agarose gel, stained with 
SafeView Red (5 uL), and photographed using a gel documentation system (E-BOX, Vilber 
Lourmat, Italy) (Altschul et al., 1997).  

 
Post-PCR purification:  
Firstly, the PCR products were cleaned using an enzymatic method (ExoSAP) as follows: 
the ExoSAP master mix was prepared by adding the following to a 0.6 ml micro-centrifuge 
tube: a. 50 µL of 20U/µL exonucylease I (Catalogue No. NEB M0293L) and b. 200 µL of 
1U/µl of shrimp alkaline phosphatase (Catalogue No. NEB M0371). Secondly, the reaction 
mixture was prepared by mixing the following and incubating the resulting mix at 37ºC for 
15 min and at 80ºC for 15 min. a. Amplified PCR product 10 µL and b. ExoSAP Mix (step 
1) 2.5 µL (Altschul et al., 1997).  
 
Gene sequencing:  
The fragments/PCR products were sequenced using the Nimagen, Brilliant Dye™ 
Terminator Cycle Sequencing Kit V3.1, BRD3-100/1000, and purified (Zymo Research, 
ZR-96 DNA Sequencing Clean-up Kit™, Catalogue No. D4050) following the 
manufacturer’s instructions. The sequencing reaction was done using internal sequencing 
primers: 785F: (5’-GGATTAGATACCCTGGTA-3’) forward, and 907R: (5’-CCGTCAATTC 
MTTTRAGTTT-3’) reverse. The labelled products were then cleaned with the ZR-96 DNA 
Sequencing Clean-up Kit (Catalogue No. D4053). The cleaned DNA products of each 
sample were injected and analyzed on the Applied Biosystems ABI 3500XL Genetic 
Analyser (Applied Biosystems, ThermoFisher Scientific) with a 50 cm array, using POP7 
and sequence data collected (Altschul et al., 1997). The NCBI links to the sequenced data 
can be accessed at BioProject: https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1422676.  
 
2.6 Bioinoculation attributes of identifiable seed-borne endophytic bacterial 
isolates 
 
The bioinoculation efficacy of the bacterial isolates was tested on maize seeds according 
to the method of Adeleke and Fakoya (2025). Briefly, the inoculum preparation was 
achieved in a sterilized nutrient broth inoculated with the bacterial isolates. After incubation 
for 5 days, the broth culture was centrifuged at 4000 rpm for 10 min, and the pelletized 
bacterial cells were washed with 0.85% normal saline solution. The inoculum was 
standardized using a spectrophotometer and stored in a McCartney bottle before use 
(Adeleke et al., 2022).  
 
Greenhouse and field experiments using bacterialized maize seeds: 
The effect of the bacteria on the maize growth was tested under experimental conditions 
using sterile and non-sterile soil collected at Research Farm, Olusegun Agagu University 
of Science and Technology, Okitipupa farmland. The soil was sterilized using autoclaved 
at 121ºC for 15 min and allowed to cool. Approximately 30 kg of sterilized soil samples 
were placed inside sterile plastic pots and randomly arranged at 10 cm intervals.  

The maize seeds (SUWAN) were surface sterilized and dispensed into bacterial 
suspension containing CMC, and allowed to stand for 30 minutes with gentle shaking. The 
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solution was decanted, and 10 bacterialized seeds were planted in each bag, randomly 
arranged. Each of the seeds was about 5 cm away from the others. For the field 
experiment, ridges were made on the farmland and bacterialized seeds were planted 
directly into the sterilized-amended soil with a spacing of 10 cm in row and column. After 
seven days of seed germination, the seedlings were inoculated with the bacterial 
suspension directly to the maize roots and monitored for 52 days after planting. The growth 
parameters measured include the number of roots, the number of leaves, plant length, leaf 
width, and leaf length. The uninoculated maize plants served as a control.  
 
2.7 Statistical analysis 
 
The triplicate data obtained were analyzed using analysis of variance (ANOVA), followed 
by Duncan’s Multiple Range Test (DMRT) using the Statistical Package for the Social 
Sciences (SPSS), version 17.0, and presented as mean±standard deviation. Summary 
data for individual variables were illustrated using simple and clustered bar graphs, 
showing the mean values of the tests and the control. 
 

3. Results and Discussion 
 
3.1 Bacterial counts, cellular morphology, and microscopic observations 
 
The cellular morphology and microscopic observations of the bacterial isolates presented 
in Table 1 showed that the three isolates designated D1, D2, and D3 exhibited similar 
microscopic characteristics, appearing as large rod-shaped cells under the light 
microscope and Gram reaction, positive. The creamy pigmentation and opaque optical 
appearance were observed in all the isolates. Isolates D1 and D3 exhibited raised 
elevations, whereas D2 showed a flat elevation. In terms of colony margin, D1 displayed 
an entire margin, D2 showed an irregular margin, while D3 exhibited an undulate margin.  
The seed endosphere represents a unique niche for diverse microorganisms of agricultural 
importance, particularly those capable of stimulating growth factors that enhance seedling 
vigor, plant development, nutrient utilization, stress tolerance, and pathogen suppression 
(Jha et al., 2025). In this study, the isolation and characterization of seed-borne endophytic 
bacteria revealed substantial plant growth-promoting (PGP) attributes, morphological 
traits, and biochemical capabilities. The bacterial isolate (D3) demonstrated remarkable 
functional and physiological characteristics. 

The dominant endophytic bacteria genera, Bacillus and Lysinibacillus, in seed 
tissues have been reported by Pantoja-Guerra et al. (2023) and Nandana and Anith (2025), 
who noted that their dominance is often linked to their endospore-forming ability, 
desiccation tolerance, and resistance to environmental stress during seed maturation and 
storage.  

High abundance in seed endophytes is frequently linked to ecological 
competitiveness and vertical transmission (Walitang et al., 2017). Recent studies also 
highlight the dominance of Lysinibacillus, Bacillus, Pantoea, and Enterobacter in seed 
endosphere niches due to their resilience and versatility in nutrient utilization (Sharma et 
al., 2023; Soumya et al., 2026). These findings reinforce the critical role of seed endophytes 
in early plant establishment and improved crop performance. 
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Table 1. Cellular morphology and microscopic observations 

IC Shape GRN Size Pigment Elevation Margin Optical 

D1 Rod + Large Creamy Raised Entire Opaque 

D2 Rod + Large Creamy Flat Irregular Opaque  

D3 Rod + Large Creamy Raised Undulate Opaque 

Key: IC - isolate code 
 

The morphological and microscopic characteristics of the bacterial isolates 
observed in this study were consistent with traits commonly associated with beneficial 
endophytic bacteria (Adeleke et al., 2022; Aguilar et al., 2025; Van Chuong et al., 2026). 
These observations also support their identification, particularly isolate D3, which was 
identified as L. sphaericus YEBEVIA with distinctive functional growth traits among the 
screened isolates (Table 3). The bacterial isolates exhibiting similar morphological features 
may also share related physiological characteristics. In many studies, rod-shaped and 
Gram-positive endophytic bacteria, Pseudomonas spp., Enterobacter hormaechei, and 
Enterobacter spp. have frequently been isolated and identified from nodules, roots, and 
seeds of Vigna radiata (Bhagya et al., 2019). Abd Elhakeem et al. (2024) have also 
reported rod-shaped and Gram-positive endophytic bacteria with plant growth-promoting 
traits from the seeds of Moringa oleifera. The variations observed in the colony morphology 
of the isolates may be attributed to their diverse phenotypic traits, which play important 
roles in ecological adaptation and functional interactions within host plants (Romero-
Gutierrez et al., 2020). Morphological characterization is often employed as a preliminary 
approach in distinguishing endophytic bacterial isolates before biochemical and molecular 
identification, and it can provide early indications of potential functional capabilities (Ikeda 
et al., 2013). Furthermore, the presence of similar morphological features among some 
isolates suggests that they may belong to closely related taxonomic groups, whereas 
differences in colony margin, elevation, and texture may reflect strain-level variations that 
could influence their functional attributes. Lysinibacillus and Bacillus spp. possess 
structural adaptations, such as endospore formation, that facilitate survival during seed 
development, enabling vertical transmission (Rutkowska et al., 2025; Rocha et al., 2026). 
Recent evidence shows that these structural traits promote colonization and persistence 
within seed tissues (Khan et al., 2025). Seed endophyte abundance is strongly influenced 
by plant genotype, seed nutrient composition, and environmental conditions during seed 
formation (Petrosyan et al., 2026). The isolation of L. sphaericus YEBEVIA from maize 
seeds aligns with these ecological observations. 

 
3.2 Biochemical characterization of isolated bacteria 
 
Isolates D2 and D3 exhibited positive reactions to all biochemical tests conducted. All 
isolates fermented glucose, fructose, sucrose, and maltose, but produced only acid during 
lactose fermentation (Table 2). Biochemically, the isolates showed broad metabolic 
versatility, including the fermentation of glucose, fructose, sucrose, and maltose, and acid 
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production in lactose fermentation. This is consistent with endophytes that rely on plant-
derived substrates within seeds (Mishra et al., 2018). The absence of gas production is 
characteristic of Bacillus-like endophytes (Mehta et al., 2014). Metabolic diversity is an 
essential adaptive trait influencing colonization and survival in nutrient-limited seed 
environments (Cross, 2022). Sugar fermentation ability plays a key role in tolerating 
fluctuating moisture and nutrient conditions (Omomowo & Babalola, 2022). The broad 
biochemical reactivity of isolates D2 and D3 aligns with earlier reports on multifunctional 
seed endophytes such as Lysinibacillus, Bacillus, Serratia, and Enterobacter (Sharma et 
al., 2023). These metabolic traits underpin their PGP functions, including nutrient 
solubilization, hormone production, and stress mitigation (Lastochkina & Allagulova, 2023). 
 
Table 2. Biochemical characterization of isolated bacteria 

IC                Biochemical tests                                Sugar fermentation tests 

 CT HSP Indole SHT MR GL Glucose Fructose Sucrose Lactose Maltose 

D1 + + - + + + Ag Ag Ag Ag Ag 

D2 + + + + + + Ag Ag Ag Ag Ag 

D3 + + + + + + Ag Ag Ag Ag Ag 

Key: + (positive), - (negative), IC - Isolate code, CT - Catalase test, HSP - Hydrogen sulfide 
production, SHT - Starch hydrolysis test, MR - Methyl red test, GL - Gelatin test, A - Color 
changes, a - No color changes, G - Gas production, and g - No gas production. The 
combination of these letters indicates the specific results for each sugar and sample.  
 
3.3. Plant growth-promoting screening of the isolated bacteria 
 
Table 3 shows the plant growth-promoting (PGP) activities of the bacterial isolates, all of 
which displayed PGP traits with varying activities. Isolate D3 produced a zone of clearance 
of 3.0 cm for zinc solubilization and 2.5 cm for siderophore production. It also exhibited 
high HCN production (2.87) compared with the control (Table 4). Similarly, phosphate-
solubilizing activity (17.46) and IAA activity of 14.26 were recorded for isolate D3 (Figure 
1). 
 
Table 3. Plant growth-promoting screening of the isolated bacteria  

Isolate Code Plant Growth-promoting Screening 

 IAA(cm) EXP ZS(cm) HCN AP NF(cm) PS(cm) SP(cm) 

D1 + + +(2.5) + + +(1.6) +(1.4) +(1.2) 

D2 + + +(2.9) + + +(1.0) +(1.6) +(1.8) 

D3 + + +(3.0) + + +(1.8) +(1.8) +(2.5) 

Key: + (positive), - (negative), IAA- Indole-3-acetic acid, EXP- Exopolysaccharide 
production, PS- Phosphate solubilization, ZS- Zinc solubilization, AP- Ammonia 
production, NF- Nitrogen fixation, HCN- Hydrogen cyanide, SP- Siderophore production.  
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Table 4. Quantitative screening of plant growth promoting bacteria 

IC HCN 
(µg/mL) 

NF (µg/mL) ZS (µg/mL) AP (µg/mL) SP (µg/mL) EXP 
(µg/mL) 

Control 2.72±0.02a 1.18±0.01a 1.19±0.01a 2.27±0.01a 1.19±0.01a 1.12±0.01a 

D1 2.85±0.03a 2.83±0.02b 1.87±0.02b 2.42±0.01a 1.82±0.01b 1.96±0.02b 

D2 2.81±0.01a 2.86±0.01b 1.91±0.01b 2.23±0.02a 2.22±0.02b 1.81±0.01b 

D3 2.87±0.02a 2.79±0.01b 2.04±0.00b 2.56±0.01a 2.20±0.00b 1.66±0.00b 

Key: IC - Isolate code, HCN: Hydrogen cyanide, NF: Nitrogen fixation, ZS: Zinc 
solubilization, AP: Ammonia production, SP: Siderophore production test, EXP: 
Exopolysaccharide production. Values of triplicate readings were presented as 
mean±standard deviation (n = 3). Designated alphabets down the column revealed the 
significant difference determined by one-way ANOVA with Duncan’s Post Hoc test 
(p<0.05). 
 

 
 

Figure 1. Quantitative screening of phosphate solubilization (µg/mL) and IAA production 
(µg/mL) by the isolated bacteria. Key: PS - phosphate solubilization, IAA - indole-3-acetic 

acid 
 
The PGP traits exhibited by the isolates, particularly D3, suggest strong potential 

for enhancing plant growth and soil health. L. sphaericus YEBEVIA displayed substantial 
zinc solubilization (3.0 cm zone), consistent with reports that zinc-solubilizing endophytes 
are abundant in cereals (Yahaghi et al., 2025). Its nutrient-solubilizing abilities correspond 
with findings that Bacillus-like endophytes release organic acids and chelators that mobilize 
micronutrients (Escalante-Beltrán et al., 2026). The high siderophore production (2.5 cm) 
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observed suggests improved iron availability, an essential trait for plant health and 
pathogen suppression (Walitang et al., 2017). L. sphaericus YEBEVIA also showed high 
HCN production, a characteristic associated with biocontrol activity, consistent with reports 
by Etminani and Harighi (2018). Low-level HCN production helps suppress soil-borne 
pathogens without harming plants (Saadaoui et al., 2023). Additionally, the isolate 
demonstrated strong phosphate-solubilizing activity (17.46), aligning with recent reports 
documenting Lysinibacillus spp. as efficient phosphate solubilizers in soybean (Vitorino et 
al., 2024). IAA production (14.26 µg/mL) by L. sphaericus YEBEVIA is consistent with 
earlier observations that seed endophytic Bacillus and Lysinibacillus spp. enhance root 
architecture and plant growth by synthesizing IAA (Bhutani et al., 2018; Pal et al., 2024). 
This phytohormone promotes root elongation, lateral root formation, nutrient uptake, and 
early seedling vigor (Zhao et al., 2020; Shukla & Pathak, 2025). 
 
3.4 Lysinibacillus sphaericus growth response to heavy metals 
 
The growth response of L. sphaericus YEBEVIA to different heavy metal concentrations is 
shown in Figure 2. The highest growth responses to zinc (1.58) and lead (1.93) occurred 
at 2 g supplementation in the growth medium. Increased chromium tolerance was observed 
with increasing chromium concentrations compared to the control. No significant 
differences in cadmium tolerance were observed between media supplemented with 4 g of 
chromium and the control. The MIC effects were observed only in media supplemented 
with lead sulphate, as the other heavy metals did not inhibit bacterial growth. Inhibitory 
zones of 5.1 cm, 2.5 cm, and 6.8 cm were recorded at 2 g lead sulphate supplementation 
(Table 5). The heavy metal tolerance exhibited by L. sphaericus YEBEVIA aligns with 
studies describing Lysinibacillus spp. as highly resistant to lead, zinc, cadmium, and 
chromium (Eke et al., 2019; Jinal et al., 2021; Adeleke & Fakoya, 2025).  Growth 
stimulation at 2 g concentrations of zinc (1.58) and lead (1.93), and increased chromium 
tolerance, reflects robust resistance mechanisms. Similar tolerances have been linked to 
endophyte-mediated phytoprotection and bioremediation (Yongpisanphop et al., 2020; 
Yadav et al., 2025).  

 Reduced sensitivity to cadmium indicates intrinsic resistance associated with 
bioadsorption, metallothioneins, and enzymatic detoxification (Alotaibi et al., 2021).  MIC 
responses to lead sulfate also align with metal-specific tolerance mechanisms described 
by Jinal et al. (2021). Kumar and Rani (2026) highlighted that metal-tolerant endophytes 
support plant growth under contamination by immobilizing or transforming toxic metals. 
Thus, the isolate’s heavy-metal tolerance reinforces its potential for dual use as a plant 
growth promoter and bioremediation agent. 
 
3.5 Bioinoculation efficacy of the endophytic bacterium 
 
The bioinoculation effects of the endophytic bacterium L. sphaericus YEBEVIA on maize 
growth under field and greenhouse conditions are presented in Table 6. Under field 
conditions, a total of 13 leaves and 41 roots were recorded after 50 days of planting, with 
a leaf length of 101.5 cm and a plant fresh weight of 256.9 g. Similar trends were observed 
under greenhouse conditions, with 11 leaves, 28 roots, a leaf length of 67.5 cm, and a plant 
fresh weight of 92.2 g. Maize inoculation with L. sphaericus YEBEVIA significantly 
enhanced growth under both field and greenhouse conditions, increasing leaf number, leaf 
length, root proliferation, and plant biomass.  
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Table 5. Minimum inhibitory concentration (MIC) of heavy metals on bacterial growth 

Test Concentration 
(mg/kg) 

D1 D2 D3 

Lead sulphate 2 +(5.1) +(2.5) +(6.8) 
 4 +(1.9) +(1.0) +(3.0) 
 6 +(1.0) +(2.2) +(3.9) 
 8 +(1.9) +(1.7) +(1.6) 

Iron, cadmium, and zinc sulphate 2 - - - 
 4 - - - 
 6 - - - 
 8 - - - 

Key: + = positive, - = negative 
 

These observations agree with studies demonstrating the effectiveness of 
Lysinibacillus and Bacillus seed endophytes in improving maize growth, nutrient uptake, 
and stress tolerance (Massucato et al., 2022; Imran et al., 2023). The improvements 
recorded in this study parallel earlier findings on L. sphaericus in maize (Naureen et al., 
2017). Enhanced root and leaf development can be attributed to the isolate’s IAA 
production, siderophore activity, and nutrient-solubilizing abilities (Pal et al., 2024). 
Increased biomass corresponds with reports by Rahman et al. (2023). The stronger 
performance under field conditions may reflect richer microbial interactions, higher nutrient 
mobilization, and greater rhizosphere complexity, as also described by Beevi et al. (2025). 
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Table 6. Greenhouse and field experiment of maize bioinoculation 

Growth 
Parameters 

Greenhouse Field 

 Control Treatment Control Treatment 

No of leaves  9.00±0.01a 11.00±0.01b 11.00±0.01a 13.00±0.01b 

Plant length (cm) 54.01±0.01a 62.01±0.02b 189.00±0.00a 216.00±0.00b 

Plant width (cm) 1.00±0.00a 2.00±0.00b 2.00±0.00a 3.00±0.00b 

Leaf length (cm) 65.40±0.01a 86.50±0.01b 80.01±0.01a 101.50±0.06b 

Leaf width (cm) 4.00±0.01a 5.20±0.01b 8.00±0.00a 8.97±0.06a 

Plant fresh weight 
(g) 

74.50±0.01a 92.10±0.10b 117.10±0.01a 256.90±0.02b 

Number of roots 17.01±0.03a  27.99±0.01b 28.99±0.01a 41.00±0.00b 

Values from triplicate measurements are presented as mean±standard deviation (n = 3). 
Different superscripts letters within a column indicate significant differences between the 
control and treatment under both greenhouse and field conditions, as determined by one-
way ANOVA followed by Duncan’s Post Hoc test (p<0.05).  
 

4. Conclusions 
 

Overall, the findings demonstrate that the seed-origin L. sphaericus YEBEVIA was 
morphologically characterized as a rod-shaped, Gram-positive bacterium with the 
biochemical capacity to ferment sugars. Qualitative screening revealed positive reactions 
for multiple plant growth-promoting traits, such as indole-3-acetic acid, exopolysaccharide 
production, phosphate solubilization, zinc solubilization, ammonia production, nitrogen 
fixation, hydrogen cyanide, and siderophore production. The isolate also exhibited high 
phosphate solubilization and indole-3-acetic acid (IAA) production, along with notable 
tolerance to chromium and lead sulphate. Maize plants inoculated with the identified 
bacterium showed significant improvements in growth parameters, including plant length 
and fresh weight, compared with the control. Therefore, further investigation and 
exploitation of this bacterium as a biofertilizer may provide an innovative model for 
sustainable and eco-friendly agricultural development. 
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