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ABSTRACT 

  

The rhizosphere microbiome plays a key role in plant productivity and soil 

fertility, particularly in intensive systems such as irrigated rice cultivation. 

Although rice rhizosphere microbial communities have been widely studied, 

information from semi-arid regions of Nigeria remains limited. Biofertilizers 

offer an environmentally friendly alternative to chemical fertilizers, whose 

prolonged use negatively affects soil structure and fertility. This study examined 

the cultivable rhizobacterial community and physicochemical properties of 

irrigated rice fields in Damaturu, Yobe State, Nigeria. Ten rhizosphere soil 

samples (10 g each) were randomly collected at a depth of 0-15 cm. 

Physicochemical analyses were performed using standard methods, while 

microbiological assessment involved serial dilution (10⁻¹-10⁻⁷), pour plate 

culturing, and incubation at 30°C for 24-48 h. Isolates were characterized using 

Gram staining, biochemical tests, and plant growth-promoting trait assays. The 

soils were clay-loamy, slightly acidic to neutral (pH 6.1–7.1), and moderately 

fertile. Total bacterial counts ranged from 1.02 × 10¹² to 3.18 × 10¹² CFU/g, with 

the highest count recorded in sample S9. Seven rhizobacterial isolates were 

identified, dominated by Bacillus spp. (40%), followed by Pseudomonas spp. 

(20%) and Azotobacter spp. (10%). The predominance of Bacillus spp. reflects 

their spore-forming capacity, while the presence of all three genera indicates 

potential plant growth-promoting traits, including indole acetic acid production, 

ammonia production, and phosphate solubilization. These findings suggest that 

Bacillus sp. (S9) has potential as a biofertilizer for sustainable rice (Oryza sativa 

L. FARO) production and reduced reliance on chemical fertilizers in Damaturu, 

Yobe State. 
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INTRODUCTION 

The rhizosphere microbiome is a critical driver 

of plant health and soil fertility, especially in 

intensive agricultural systems like irrigated rice 

farming (Ukwa1 et al., 2024). The rhizosphere 

bacteria in soil can play pivotal roles in nutrient 

cycling, phosphate solubilization, nitrogen 

fixation, phytohormone production, and 

pathogen suppression, collectively enhancing 

plant growth and stress tolerance (Fahad et al., 

2021). Genera such as Bacillus spp., 

Pseudomonas spp., Azotobacter spp. And other 

rhizobacteria isolates are well-documented plant 

growth-promoting rhizobacteria (PGPR) (Glick, 

2005; Adesemoye & Kloepper, 2009). Bacteria 

are the major class of microorganisms that keep 

soils healthy and productive with several 

functions to the soil; they supply nutrients to the 

crops, it helps in plant growth, it controls the 

activities of plant pathogens and it improves the 

soil structure. Bacteria can be used for 

biofertilizer, bioremediation in polluted soils 

(Hayat et al., 2010). Bacteria are tiny and one-

celled organisms. A ton of microscopic bacteria 

may be active in each acre of land. Bacteria are 

similar to clay soil particles in size (Fahad et al., 

2021). Bacteria grow and live in thin water films 

around soil particles and near roots in an area 

called the rhizosphere. Because bacteria are 

small in size, this enables them to grow and 

adapt more rapidly in most soils. Bacteria 

population can multiply easily in double within 

30minutes thereby flourishing microbial 

populations increase soil productivity and crop 

yields over time. The oxygen levels of the soils 

determine the activities of soil bacteria. Most 

bacteria in the soils prefer oxygenated soils and 

make use of the oxygen to decompose most 

carbon compound in the soil (Lowenfels and 

Lewis, 2006; Adesemoye & Kloepper, 2009).  

The development and use of microbial-based 

fertilizers has recently gained significance due to 

the recognition of the deleterious effects on the 

environment generated by the excessive and 

improper application of chemical fertilizers 

(Bar-On et al., 2018). This was a result of the 

improved knowledge about the relationships 

occurring in the rhizosphere, between the plant 

and all soil microorganisms, as well as due to 

the immense efforts in isolating and selecting 

microbial strains showing plant growth 

promoting capabilities (Parmar and Sindhu, 

2013; Serri et al. 2022). Biofertilizers have been 

identified as an alternative to chemical fertilizers 

to increase soil fertility and crop production in 

sustainable farming. It has emerged as an 

important component of the integrated nutrient 

supply system and hold a great promise to 

improve crop yields through environmentally 

better nutrient supplies (Sakariyawo et al., 

2013). Biofertilizers improve root proliferation 

due to the release of growth promoting 

hormones. Microorganism converts complex 

nutrients into simple nutrients for the availability 

of the plants. Biofertilizers are products of one 

or more species of microorganisms which have 

the ability to mobilize nutritionally important 

elements from non-useable to useable form 

through biological processes such as nitrogen 

fixation, phosphate solubilization, excretion of 

plant growth promoting substances and 

biodegradation in soil (Agu et al., 2021). 

The rice (Oryza sativa L.) has become the most 

popular and the most important cereal crop 

consumed by the almost 250 million of 

worldwide population while conserving 

environmental condition without destroying the 

forest for rice land extension (Nikmatul et al., 

2020; Rahmah et al., 2017). The need of this 

commodity is going to increase year by year due 

to the population growth (Somchit et al., 2017). 

The increase of rice demand cannot be supplied 

if there is no improvement in rice production. 

There are several strategies to improve rice 

production. High yielding varieties have given 

significant rice production increase (Long-ping, 

2014). Rice (Oryza sativa L. FARO 44) is a 

staple food for a significant portion of the 

Nigerian population, its demand continues to 

rise, and understanding its associated 

rhizobacteria can enhance agricultural 

productivity (Sakariyawo et al., 2013; Grema et 

al., 2022). The use of rhizobacteria 

(biofertilizer) accelerates mineralization of 

organic residues in soil, therefore makes the 

nutrients more available to crops (Agu et al., 

2021). However, the aim of this study was to 

isolate, identified and evaluate the effect of PGP 

traits; indole acetic acid, ammonia production 

and phosphate solubilization on rhizobacteria 

from irrigated rice fields in Damaturu, Yobe 

State, Nigeria, to explore their biofertilizer 
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potential for sustainable rice and other crops 

production.  

MATERIAL AND METHOD  

Study area and sample collection 

The study was conducted in irrigated rice fields 

in Damaturu, Yobe State, Nigeria (geographical 

coordinates 12°00′N 11°30′E). Ten (10) 

rhizosphere soil samples (approximately 10g 

each) were aseptically collected from the root 

zone (0-15 cm depth) of rice plants using sterile 

polyethylene bags between January and April 

2025. Samples were transported to the 

Chemistry and Microbiology Laboratories of 

Yobe State University, for physicochemical 

analysis and isolation of rhizobacteria isolates 

using standard methods. 

Soil physicochemical analysis 

The soil texture, pH, organic carbon, soil 

nitrogen, water holding capacity, exchangeable 

bases and cation exchange capacity were 

conducted using standard laboratory procedures 

(Machido, 2010; Ukwa1 et al., 2024; Ofori, 

2016) at Chemistry Laboratory, Yobe State 

University, Damaturu-Nigeria. 

Microbiological analysis of bacterial isolate 

and plant growth promoting traits 

One (1) gram of each soil sample was serially 

diluted (10⁻¹ to 10⁻⁷) in sterile distilled water. 

0.1 mL aliquot from appropriate dilutions was 

spread-plated onto yeast extract mannitol agar 

medium (YEMA) and nutrient agar for total 

rhizobium bacterial. The YEMA plates were 

incubated at 37°C for three days, while the 

nutrient agar plates were incubated at 37°C for 

24 hours. The resulting colonies were counted 

using colony counter. The isolated rhizobacteria 

were sub-cultured incubated at 37°C for 24 

hours, the morphological characteristics of the 

isolates, gram stain and biochemical 

characteristics were observed (Vimala et al., 

2018; Oyeleke and Manga, 2008). The identified 

isolate was subculture on peptone water, nutrient 

broth and Pikovskaya’s at for plant growth 

promoting characteristics includes indole acetic 

acid (IAA), ammonia production and phosphate 

solubilization activities of rhizobacteria isolates 

(Cheesbrough, 2006; Sarker et al., 2014, 

Olayemi et al., 2007; Justin et al., 2020, Joseph 

et al., 2007, Mahbouba et al.,).  

RESULTS 

The physicochemical analysis revealed a clay-

loamy soil texture which is known for good 

water and nutrient retention. The soil pH ranged 

from slightly acidic to neutral (6.1 to 7.1). Other 

parameters (Fig. 1) indicated moderately fertile 

conditions conducive for microbial activity and 

rice growth. 

The bacterial population count varied across 

samples, with the highest count observed in 

sample S9 (3.18×1012 CFU/mL) and the lowest 

in S3 (1.02×1012 CFU/mL) (Fig. 2).  

Based on morphological, Gram staining and 

biochemical characteristics (Table 1), the 

isolates were identified as Bacillus spp. (40%), 

Pseudomonas spp. (20%), and Azotobacter spp. 

(10%). All isolates were positive for catalase 

and oxidase tests. 

Potential plant growth-promoting (PGP) traits 

such as indole acetic acid, ammonia production 

and phosphate solubilization were show in (table 

2) S9 Bacillus sp. had the multiple PGP trait 

indicate potential to serve as biofertilizers, 

contributing to sustainable rice (Oryza sativa L. 

FARO) growth and other crops cultivation as 

well as reducing the use of chemical fertilizer.

 



S. Wakil et al.  ISSN: 2811-2881 

14 

 

 

Fig. 1: Shows physicochemical properties of rhizosphere soil samples (🔵 Blue pH neutral-optimal,    

Green: Electrical Conductivity EC (mS/cm) lower is better,    Yellow: Organic Carbon OC (%),    

Orange: Nitrogen -N (mg/kg),    Purple: Water Holding Capacity WHC (%), 🔴 Red: Sodium Na 

(cmol/kg) lower is better,    Brown: Cation Exchange Capacity CEC (cmol/kg) 

 

 

 

Fig. 2: Shows population of rhizobacteria in Rhizosphere soil sample (S = Sample Rhizosphere Isolate, 

CFU = Colony Forming Unit) 
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Table 1: Shows gram stain, morphological appearance and biochemical tests of suspected isolates 

 Biochemical Test  

Isolate code GS MPA Ind MR Ox Cat Cit VP Suspected isolate 

S2 + Milky white, irregular shape - + + + + - Bacillus sp. 

S3 - Pale yellow/green - - + + + - Pseudomonas sp. 

S5 + Creamy white, round - + + + + - Bacillus sp. 

S7 - Brownish mucoid - - + + + - Azotobacter sp. 

S8 + Creamy white - + + + + - Bacillus sp. 

S9 + Milky white - + + + + + Bacillus sp. 

S10 - Greenish - - + - + + Pseudomonas sp. 

S= Soil samples, GS= Gram stain, MPA= Morphological appearance, Ind= Indole test, MR= Methyl red, 

Ox= Oxidase, Cat= Catalase, Cit= Citrate, VP= Voges-Proskauer, -= negative, += positive   

 

Table 2: Shows plant growth promoting traits of rhizobacterial isolates 

Isolate Codes Indole Acetic Acid (IAA) Ammonia Production Phosphate Solubilization 

S2 + - + 

S3 - - - 

S5 + - + 

S7 - - - 

S8 - + - 

S9 + + + 

S10 - - - 

S2A= Bacillus sp., S3C= Pseudomonas sp., S5A= Bacillus sp., S7B= Azotobacter sp., S8A= Bacillus sp., 

S9A= Bacillus sp., S10C= Pseudomonas sp., += Positive, -= Negative 

 

 
Fig 3: Shows some of the plates of rhizobacteria isolates from rhizosphere soil samples. 
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Fig 4a: Show gram positive isolate    Fig 4b: Show the gram-negative isolate 

 

Fig. 5: Show some of the biochemical tests for rhizobacteria isolates 

 

Fig 4a: Show IAA on PGPB    Fig 4b: Show Phosphate Solubilization on PGPB 
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Fig 5: Show Ammonia Production on PGPB 

 

DISCUSSION 

This study provides a foundational 

characterization of the cultivable rhizobacterial 

community in the irrigated rice fields of 

Damaturu, Yobe State- Nigeria. The 

predominance of Bacillus spp. Is consistent with 

global studies on rice rhizospheres (Smalla et 

al., 2001; Agu et al., 2021; Xun et al., 2022; 

Oledele et al., 2014) and can be attributed to 

their ability to form endospores, allowing them 

to withstand the fluctuating moisture and 

temperature conditions typical of irrigated soils 

in semi-arid climates. 

The observed soil properties create a favourable 

environment for these bacteria. The near-neutral 

pH (6.1-7.1) is optimal for the activity of many 

PGPR, including Bacillus, Pseudomonas and 

Azotobacter spp. (Kumar et al., 2020). The 

moderate levels of organic carbon (1.15-1.85%) 

provide a critical energy source for microbial 

metabolism. The correlation between higher 

bacterial counts (S9 Bacillus sp.) and specific 

soil parameters like organic carbon, while 

preliminary, suggests that soil fertility 

management could directly influence the size of 

the beneficial microbial pool. 

The isolation of rhizobacteria were presented in 

fig. 2 which shows the total population of the 

isolates in collected rhizosphere soil samples and 

presented in colony forming units, among S9 

had large number of colonies 3.18×1011 and the 

lest is S3 1.02×1011 CFU/ml, while the S1, S4 

and S6 were no colonies after the culture, the 

finding was to findings of Kloepper, 2009; 

Perez-Jaramillo et al., 2018; Agu et al., 2021.  

The gram staining, morphological and 

biochemical characteristics (Table 1), the 

isolates were identified as Bacillus spp. (40%), 

Pseudomonas spp. (20%), and Azotobacter spp. 

(10%). All isolates were positive for catalase and 

oxidase tests. The Previous and recent findings 

had indicated that Bacillus species formed the 

dominant populations in the rhizospheres of soil 

samples (Smalla et al., 2001; Xun et al., 2022). 

Previous study by Ismail et al., 2023 shows the 

abundance of rhizobacteria Bacillus spp. 

(32.29%) and Pseudomonas spp. (17.64%) 

which is similar to finding of this study. 

Research finding of Shao et al., 2021 and Zhang 

et al., 2012; indicated that among many bacterial 

species in the rhizosphere soils, the population 

of Bacillus, Pseudomonas, Azotobacter and 

other species dominated the rhizosphere and 

showed a high capability to be used as a 

biofertilizer. 

The potential plant growth-promoting (PGP) 

traits such as indole acetic acid, ammonia 

production and phosphate solubilization were 

show in table 2 (S9 Bacillus sp.) had a multiple 

PGP trait indicate potential to serve as 

biofertilizers, contributing to sustainable rice 

(Oryza sativa L. FARO 44) growth and other 

crops cultivation as well as reducing the use of 

chemical fertilizer which agreed with study by 
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Ajmal et al., 2021 showed that diverse groups of 

bacteria thrive in environments which may have 

PGPB ability even under myriad stress 

conditions. Another study by Agu, Ejigbo and 

Ezaka, 2021 shows potentials of rhizobacteria 

isolates from Agricultural farms in Ibadan, to 

produce most PGP traits phosphate 

solubilizations, IAA production, ammonia 

production. Similarly, Farah Ahmad et al., 2008, 

isolated a total of 19 rhizobacteria belonging to 

Bacillus, Azotobacter and Pseudomonas species 

were from different rhizospheric soil determined 

the production of IAA and observed that more 

than 70% of the isolates of Bacillus spp., 

produced IAA, whereas only 20% of 

Pseudomonas and 10% Azotobacter isolates was 

IAA producer.  Studies by Tang et al., 2020 

have shown that IAA can be produced by 

bacteria and also a diverse group of bacterial 

species have been reported by Khatoon et al., 

2020 to produce IAA including some species 

reported in this study, which therefore supports 

the findings of this study. The findings of this 

study are consistent with global studies 

identifying these genera as dominant and highly 

effective PGPR (Backer et al., 2018). 

Systematically reviewed that the most successful 

PGPR inoculants often possess multiple growth-

promoting mechanisms. The combination of 

traits in this study for plant growth promoting 

traits obtained from the rhizobacteria Bacillus 

sp. (S9A) includes IAA which promotes root 

growth, directly linked to your observed increase 

in root length., ammonia production provides a 

readily available nitrogen source and phosphate 

solubilization crucial in neutral to alkaline soils 

where P is mostly insoluble. This finding 

aligned study by Sharma et al., 2011; Kumar et 

al., 2021. 

CONCLUSION  

In conclusion, it was observed that the 

rhizobacteria isolated (S9 Bacillus sp.) can serve 

as biofertilizers were capable of improving the 

rice (Oryza sativa L. FARO) growth due to its 

potential for biofertilizer production-based on 

PGP traits, IAA production, ammonia 

production and phosphate solubilizations. The 

moderately fertile, clay-loamy soils provide a 

conducive environment for these microbes. 

Since rhizobacteria can serve as biofertilizers 

which are capable of improving the soil fertility 

and rice growth, it is now recommended that the 

use of biofertilizers should be encouraged in 

applying to rice and other cereal crops for best 

production and as well as reducing the use of 

chemical fertilizer usage. There should be better 

awareness among all the stake holders and 

farmers on the need to utilize the rhizobacterial 

isolates as biofertilizers. The primary 

contribution of this work is the provision of a 

characterized, locally sourced pool of 

rhizobacterial isolate from rice irrigation site in 

Damaturu, Yobe State-Nigeria. 
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