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Abstract 
 
The application of potent bacteria and fungi as bio-fertilizer can improve the soil nitrogen status leading 
to enhanced soil well-being and agricultural production. Bacteria and fungi were isolated from soil 
samples collected around 20 randomly selected cassava plants obtained from Bells University farm, 
Ota. The isolates were screened for phosphate solubilization activity, indole acetic acid (IAA) production 
and heavy metal tolerance using standard methods. Isolates were identified based on morphological 
and sequencing of the amplified 16S rRNA and ITS genes for bacteria and fungi respectively.  PCR 
amplification of the nif gene was done using two primers. Results of the molecular identification showed 
that the bacterial and fungal isolates were Pseudomonas resinovorans NOU6 (PP506413), Klebsiella 
variicola NOU5 (PP506412), Kosakonia radicincitans NOU1 (PP493938) and Aspergillus assiutensis 
NOU2 (PP493939), Aspergillus brunneoviolaceus NOU3 (PP493940) and Aspergillus tubingensis 
NOU4 (PP493941) respectively. Indole acetic acid produced by bacterial and fungal isolates ranged 
from 121-147 µg/ml and 14-33 µg/ml respectively. The three fungal isolates solubilized phosphate with 
solubilization index (SI) ranging from 4.25 – 6.25.  Results of the heavy metal tolerance test showed 
that all bacteria isolates were sensitive to mercury while they showed tolerance to tin, cobalt, chromium 
and iron though at varying degrees. Only Kosakonia radicincitans strain NOU1 (C5) habours the nif 
gene that codes for nitrogenase enzyme. This research offers insights into the possible use of these 
microorganisms as bio-fertilizers for crop improvement and also underscores the importance of using 
molecular techniques to target bacteria strains that possess the potentials to fix atmospheric nitrogen. 
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INTRODUCTION 

Large-scale food production is becoming 
necessary as a result of increase in world 
population, which has led to the development of 
various production methods, higher input 
levels, diverse productive varieties, and an 
acceleration of crop cycles. Notably, using 
excessive amounts of synthetic chemical 
pesticides and fertilizers to improve crop yield 
damages the environment and may pose health 
concerns to humans (Gómez-Godínez, 2023; 
Vejan et al., 2016). As an alternative, soil and 
plant-derived microorganisms, particularly fungi 
and rhizobacteria, which have coexisted and 
developed with plants, can be employed as bio-
fertilizers. Plant growth promoting fungi (PGPF) 
and plant growth promoting rhizobacteria 
(PGPR) are examples of plant growth-
promoting microorganisms (PGPMs) found in 
soil. Through a variety of methods, PGPR can 
generally be either endosymbionts or free-living 
in the rhizosphere and aid in the growth and 
development of plants (Gopalan et al., 2023; 
Kumar et al., 2022). In nature, biological 
nitrogen fixation, phosphorus solubilization, 
siderophore synthesis, and the creation of 
phytohormones like auxins and gibberellin are 
just a few of the tactics used by microorganisms 
that support plant growth in the rhizosphere 
(Gómez-Godínez, 2023). Auxin synthesis is 
one of the most commonly described processes 
for promoting plant growth by about 80 % of 
rhizobacteria (Canarini et al., 2019; Park et al., 
2021). Inoculating plants with PGPRs has been 
known for decades to shorten the length of plant 
roots and increase the quantity of lateral roots 
and root hairs (Park et al., 2021; Ludwig-Müller, 
2015; Duca et al., 2014;) and auxin-mediated 
bacterial effects that promote plant growth are 
referred to as phytostimulation (Singh et al., 
2019). Fungi that promote plant growth (PGPF) 
include Aspergillus, Penicillium, Fusarium, 
Trichoderma, and other species. By forming 
mycorrhizal symbiotic associations with plant 
roots, these fungi help plants absorb vital 
nutrients from the soil and give them to the 
plants which promote plant growth and 
development (Kumar et al., 2022; Hossain et 
al., 2017). On the other hand, many previous 
studies also have reported various types of 
bacterial species with the ability to promote 
plant growth such as Rhizobium (Sridevi et al., 
2008), Azospirillum (Chen et al., 2024; Bolete 
et al., 2020), Agrobacterium (Mashiguchi et al., 
2019), Bacillus (Tsotetsi et al., 2022; Liu et al., 
2016; Radhakrishnan et al., 2016), 
Ignatzschineria (Park, 2021), Bradyrhizobium 
(Torres et al., 2018), Erwinia (Chen et al., 
2023), Pseudomonas (Ejeagba et al., 2023; 

Iqbal and Hasnain, 2013) etc.  Numerous 
reports demonstrate that bacteria have a 
favourable impact on crop growth and yield in a 
variety of soil types, climatic conditions, and 
biotic and abiotic stress situations (Chen et al., 
2023; Ma et al., 2020). One of the most crucial 
macronutrients for plant growth is nitrogen and 
approximately 78 % of the nitrogen is present in 
the atmosphere, and plants are unable to 
absorb it in such form. However, PGPRs that 
may either freely or in symbiotic relationships 
with legumes perform biological nitrogen fixing 
are numerous in the soil; these includes 
Herbaspirillum, Burkholderia, Azorhizobium, 
Rhizobium, Allorhizobium, Mesorhizobium, 
Bradyrhizobium, and Sinorhizobium (Chittora et 
al., 2020). Also, Cyanobacteria (e.g., Anabaena 
and Nostoc), Azotobacter, Enterobacter, 
Azoarcus, Azospirillum, Gluconacetobacter, 
Klebsiella, Herbaspirillum, and Pseudomonas 
can be free-living nitrogen fixers or establish 
associations with plants as endophytes 
(Meena, et al., 2021). Inoculating seeds, 
seedlings, roots, or soil with nitrogen-fixing 
bacteria promotes plant growth, enhances soil 
quality, and keeps the soil's nitrogen content 
stable. Nitrogenase is the fundamental nitrogen 
fixing enzyme. According to Timofeeva et al. 
(2023), free-living nitrogen-fixing bacteria can 
be facultative anaerobes, obligate aerobes, or 
obligatory anaerobes that exist in various 
settings with varying quantities of molecular 
oxygen. N2 fixation can be suppressed and 
nitrogenase inhibited by oxygen. By employing 
structures like heterocyst, where the oxygen 
content is maintained at a low level, nitrogen-
fixing bacteria can circumvent the potentially 
harmful effects of O2 (Timofeeva et al., 2023; 
Ladha et al., 2022). Iron (Fe) atoms are 
necessary for all known forms of nitrogenase, 
and the majority of them also contain metals like 
molybdenum. The ability of bacteria to fix 
atmospheric nitrogen and the distribution of 
nitrogen-fixing microorganisms in communities 
like rhizospheric soils is both commonly 
assessed using the nifH gene, which codes for 
nitrogenase reductase and a number of other 
genetic markers. In this study, we amplified nifH 
gene from our organisms using two sets of 
degenerate primers. Phosphorus, a macro 
element is involved in several metabolic 
activities like photosynthesis and can be found 
in molecules like ATP and nucleic acids (Khuna 
et al., 2023). About 90 % of the phosphorus in 
the soil is insoluble, immobilized, or precipitated 
and these make it challenging for plants to 
absorb. However, phosphate-solubilizing 
bacteria are able to dissolve inorganic 
phosphorus in the soil example Pseudomonas, 
Mesorhizobium, Flavobacterium, Arthrobacter, 
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Bacillus, Rhizobium, Burkholderia, 
Enterobacter, Microbacterium, Rhodococcus, 
and Serratia (Ejeagba et al., 2023; Alori et al., 
2017). They convert insoluble organic and 
inorganic phosphate into a bioavailable form for 
plant growth. In addition, many fungal species 
have been reported to solubilize phosphate; 
they include members of the genus Aspergillus 
(Khuna et al., 2023; Coutinho et al., 2012), 
Penicillium (Doilom et al., 2020; Coutinho et al., 
2012), Fusarium (Radhakrishnan et al., 2015), 
Trichoderma (Shaban and El-Bramawy, 2011; 
Hoyos-Carvajal et al., 2009) etc. Therefore, the 
objective of this research was to investigate the 
plant-growth-promoting abilities (production of 
indole-3-acetic acid (IAA), phosphate 
solubilisation) of bacterial and fungal species 
isolated from cassava rhizospheric soils and to 
analyse the presence of nif H gene that 
encodes a key subunit of the nitrogenase 
enzyme necessary for atmospheric nitrogen 
fixation by the isolated rhizobacteria. 

MATERIALS AND METHODS 
 
Sample collection and isolation of bacteria 
and fungi 
 

Twenty (20) samples of soil and root from the 
rhizospheric region of Cassava cultivars were 
collected aseptically from various pulse hubs 
situated in different locations of a cassava farm 
in Bells University, Ota. The roots (<5 cm length 
and 2–3 mm diameter) and soil samples (20 g 
each) were collected for isolation of plant 
growth promoting microbes (PGPMs) and 
stored in the refrigerator at 4 °C prior to 
analysis. For serial dilution, ten (10) grams of 
each soil sample were placed in a 250 mL 
Erlenmeyer flask with 90 mL of sterile distilled 
water. Meanwhile, root samples were 
aseptically cleaned and surface sterilized with 
70 % ethanol for 90 seconds. Using a sterile 
mortar and pestle, the surface-sterilized 
samples were pulverized before being seeded 
on agar substrate devoid of nitrogen to isolate 
bacteria. Ashby nitrogen-free agar plates were 
used to cultivate the cultures. The plates 
contained 0.2 g KH2PO4, 5 g CaCO3, 0.2 g 
MgSO4•7H2O, 10 g mannitol, 0.2 g NaCl, 15 g 
agar, and 0.1 g CaSO4.2H2O per liter. The 
plates were then incubated at 28 °C for five to 
seven days. Following the duration of 
incubation, the cultures were moved to new 
media devoid of nitrogen and incubated for two 
days at 28 °C. The transfer procedure was 
carried out three times to isolate a single strain. 
Fungi were isolated by spread plating serially 
diluted soil samples on Potato Dextrose Agar 

(PDA), followed by incubation at 28 oC for 3 – 4 
days. Isolates in different colonies were 
selected and subcultured on nutrient agar and 
PDA to obtain pure cultures of bacteria and 
fungi respectively for screening (Hamza and 
Alebejo, 2017). The obtained bacterial and 
fungal isolates were screened further for 
various plant growth promoting traits.  

Molecular identification of isolates 

Total genomic DNA was extracted from 
bacterial isolates grown in Luria-Bertani (LB) 
broth for 24 hours using a commercial kit: 
illustra bacteria genomicPrep Mini Spin Kit 
(General Electric Company, UK) and quantified 
using a Nanodrop spectrophotometer 
(GenovaNanoTM, Jenway, UK). The 16S rRNA 
gene region of extracted DNA was amplified by 
Polymerase Chain Reaction (PCR) using an 
automated thermocycler (Applied Biosystem 
Inc., USA) and the universal primers: 27F and 
1492R (Inqaba Biotech Ltd, Pretoria, South 
Africa). PCR thermal cycling programme used 
was as follows: initial denaturation at 95 ºC for 
5min; 30 cycles of denaturation, annealing and 
extension at 94 ºC, 52 ºC and 72 ºC for 30 s, 
30 s and 1min 25s followed by a final 
extension at 72 ºC for 10 min and kept at a 
hold temperature of 4 ºC. The size of the 
amplified fragments was verified by 
electrophoresing the products on 2 % agarose 
gel stained with ethidium bromide and viewed 
using a UV transilluminator. Similarly, Fungal 
DNA was extracted using the protocol 
described by Trindade et al. (2007) while PCR 
amplification of the ITS region was done as 
described by (Wawrik, et al., 2005; Frank et al., 
2008). Briefly, universal primer set which flank 
the ITS1, 5.8S and ITS2 region was used. The 
cocktail preparation for polymerase chain 
reaction (PCR) consisted of 10 µl of 5x GoTaq 
colourless reaction, 3 µl of 25 mM MgCl2, 1 µl 
of 10 mM of dNTPs mix, 1 µl of 10 pmol each 
ITS 1:   5′-TCC GTA GGT GAA CCT GCG G-3′ 
and - ITS 4:   5′-TCC TCC GCT TAT TGA TAT 
GC-3′ primers and 0.3 units of Taq DNA 
polymerase (Promega, USA) made up to 42 µl 
with sterile distilled water and 8 μl DNA 
template. PCR was carried out in a GeneAmp 
9700 PCR System Thermalcycler (Applied 
Biosystem Inc., USA) with a PCR condition 
which include a cycle of initial denaturation at 
94 oC for 5 min, followed by 35 cycles of each 
cycle comprised of 30 sec denaturation at 94 
oC, 30 secs annealing of primer at 55 oC, 1.5 
min extension at 72 oC, a final extension for 7 
min at 72 oC and kept at a hold temperature of 
4 oC. The amplified fragments were sequenced 
using a Genetic Analyzer 3130xl sequencer 
from Applied Biosystems according to 



 

2566 
Bio-Research Vol.23 No.1 pp.2563-2579 (2025) 
 

manufacturer’s instruction while the sequencing 
kit used was that of BigDye terminator v3.1 
cycle sequencing kit. Bio-Edit software and 
MEGA 7.0 were used for all genetic analysis. 

Phosphate solubilization screening 

Screening was carried out with sterile solidified 
Pikovskaya’s agar medium containing 10 g/L 
glucose; 5g/L tricalcium phosphate (TCP); 
0.5g/L, yeast extract; 0.5 g/L (NH4) SO4; 0.2 g/L 
KCI; 0.1G L MgSO4.7H2O; trace quantities of 
FesO4.7H2O and MnSO4 as well as 15 g/L agar 
powder. The medium was sterilized by 
autoclaving at 121°C for 15 min. The pure 
bacterial cultures were pre-incubated in nutrient 
broth for 24 h at 37 °C then a loopful of the broth 
culture was dropped on the Pikovskaya’s agar 
medium in Petri dish using a sterile inoculating 
wire loop. This was incubated at 37 °C for 3-5 
days. The fungal isolates were inoculated using 
a sterile inoculating needle to pick up the fungal 
spores and dropped at the middle of the 
Pikovskaya’s sterile agar plate and incubated at 
28 °C for 5-7 days. Appearance of clear zones 
around the colonies indicated solubilization of 
phosphate. Solubilization index (SI) was 
recorded as the ratio of diameter of the zone of 
clearance of halo zone compared to the 
diameter of colony (Nosrati et al., 2014). 

SI = {Diameter of halo zone in mm} 

             Colony diameter in mm 

Quantification of indole acetic acid (IAA) 
production  

Indole acetic acid production assay of the 
isolates was performed according to the 
method described by Noha and Shixue (2018). 
Briefly, bacterial and fungal cultures were 
cultivated in potato dextrose broth (PDB) and 
Luria Bertani (LB) broth, respectively, 
supplemented with 0.1 g/L L-tryptophan, the 
precursor of IAA, and incubated for seven days 
at 250 rpm and 30 °C in a shaker. Following the 
incubation times, cultures were centrifuged for 
10 minutes at 13,000 rpm in order to pellet the 
microbial cells. After thoroughly mixing five 
milliliters (5 ml) of the supernatant with one 
milliliter (12 gl-1 FeCl3 in 429 ml /L H2SO4) of 
Salkowski's reagent, the mixture was allowed to 
sit at room temperature in the dark for twenty-
four hours (Rahmad et al., 2020). A positive 
result for IAA generation was shown by the test 
tubes appearing pink (i.e., the supernatant 
changing color to pink). Absorbance was 
measured at 535 nm for the IAA using UV 
spectrophotometer. Auxin concentration was 
obtained using a standard curve with a 
regression equation. The equation was 
generated from serially diluted commercially 
available IAA solutions ranging from 0 - 0.12 
mg/ml. The absorbance of known 
concentrations of indole acetic acid solutions 
was measured spectrophotometrically at 535 
nm, and a graph of the concentrations against 
the absorbance was plotted to obtain the 
standard equation. Using this equation, the 
concentration of indole acetic acid produced by 
each fungal isolate was calculated (Noha and 
Shixue, 2018). 

 

 

Figure 1: Indole acetic acid standard curve 
Where X = Absorbance at 535 nm, Y = Concentration of Indole acetic acid (mg/ml), R2 = Regression Coefficient 
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Heavy metal tolerance test 
 

Heavy metal tolerance of the bacterial isolates 
was assessed according to the method 
described by Oyetibo et al. (2010). Pure 
cultures of bacterial isolates were grown on 
sterile LB broth for 24 h at 30 °C. Different 
concentrations of the various heavy metals 
including Chromium (1.0 - 10 mM), Iron (1.0 - 
10 mM), Tin (1.0 - 10 mM), Mercury (1.0 - 10 
mM), Cobalt (1.0 - 10 mM) were obtained by 
transferring appropriate amounts of the stock 
solution into test tubes already containing 
sterilized LB broth. Controls included 
uninoculated growth media containing heavy 
metals and inoculated growth media free of 
heavy metals. Isolate growth was monitored by 
visual turbidity. Minimum inhibitory 
concentrations (MIC) were determined by 
streaking out tubes where turbidity is low or 
absent on nutrient agar plates. All experiments 
were carried out in triplicates. 

PCR detection of nitrogen fixation gene (nif 
gene) 

The nifH gene was amplified using an 
automated PCR thermocycler (Applied 
Biosystem Inc., USA). Using two degenerate 
primer sets, PolF/PolR and IGK3/DVV, the 
nifH gene was amplified from the isolated 
genomic DNA. For the PCR amplification 
reaction, a 25 μl reaction mix was prepared, 
which included 12.5 μl of 2X ready master mix 
(containing dNTPs, Taq DNA polymerase, 
MgCl2, and the reaction buffer), 2 μl of 
template genomic DNA, 1 μl of forward and 
reverse primers (5 μm), and 8.5 μl of nuclease-
free water. The following PCR heat cycling 
protocol was used to the PolF/PolR primer 
pair: initial denaturation for five minutes at 94 
°C; forty denaturation, annealing, and 
extension cyclesat 94 oC, 55 oC and 72 oC for 
30 s, 1min and 30 s respectively, followed by 
a final extension at 72 oC for 10 min and kept 
at a hold temperature of 4 oC. The PCR thermal 
cycling program for the IGK3/DVV primer pair: 
5 minutes of initial denaturation at 95 °C; 30 
cycles of denaturation, annealing, and 
extension at 95 °C, 58 °C, and 72 °C for 45 s, 
30 s, and 1 min, respectively; a final extension 
at 72 °C for 10 min; and a hold temperature of 
4 °C. The results were electrophoresed on 2 % 
Agarose gel stained with ethidium bromide and 
examined under a UV transilluminator to 
confirm the size of the amplified fragments 
(Garby and Buckley, 2012). 
 
RESULTS AND DISCUSSION 

Microbial isolation and identification  
 
Three bacterial and fungal spp isolated from 
cassava roots and rhizospheric soils were 
investigated for their plant growth-promoting 
capabilities (the production of IAA and the 
solubilisation of phosphorus minerals) and their 
heavy metal tolerant. Gram reaction results 
showed that bacterial isolates were all Gram 
negatives. Agarose gel plates of the resolved 
amplified 16S rRNA gene from the bacterial and 
the targeted genes within the internally 
transcribed spacer (ITS) of the fungal isolates 
are shown in plates 1 and 2 respectively. The 
plates indicated that the gene fragments of the 
expected base pair sizes for fungi (550bp – 
650bp) and bacterial isolates (1500bp) were 
amplified.  Multiple sequence alignments of the 
nucleotide sequences obtained from the three 
identified bacterial (C5, C7 and C8) and fungal 
isolates (B1F, C2F and CF1) with the 
nucleotide sequences in the NCBI databases 
revealed a homology with the members of the 
genus Kosakonia, Pseudomonas, Klebsiella 
and Aspergillus exhibiting strong relationships 
with 97-99 % relatedness (Table 1). The 
characterized sequences were deposited at the 
National Centre for Biotechnology Information 
(NCBI) database Maryland US with accession 
of these numbers PP493938- PP493941 and 
PP506412- PP506413 (Table 1). Based on the 
nucleotide sequences obtained, the neighbor 
joining tree constructed showed that these 
organisms had strong relationships with other 
members of the genus Kosakonia, 
Pseudomonas, Klebsiella and Aspergillus 
(Figure 2 and 3). A. tubingensis strain NOU4 
had close relationship with other strains of A. 
tubingensis. However, A. assiutensis strain 
NOU2 and A. brunneoviolaceus strain NOU3 
are more closely related and clustered far away 
from A. tubingensis (Fig 3). Different Species 
from the Enterobacteriaceae family such as 
Kosankonia sp., Klebsiella sp. and Entero-
bacter sp. have been described previously to be 
associated with roots of several plant crops (da 
Silva et al., 2024; Ali and El-Kholy, 2022; Silva 
et al., 2022; Girma et al., 2020). Ali and El-Kholy 
in their work reported the isolation of 
Kosankonia radicincitans that produced indole-
3-acetic acid, solubilized phosphate and fixed 
atmospheric nitrogen (Ali and El-Kholy, 2022). 
These organisms have been reported 
previously to promote plant growth through 
phosphate solubilzation and indole acetic acid 
production (Park et al., 2021).  Many plant 
growths processes, including elongation, 
division, cell differentiation, and root initiation, 
depend on IAA, a common form of auxin 
present in plants (Khuna et al., 2023; Park et 
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al., 2021; Keswani et al., 2020). However, due 
to numerous factors that influence the 
successful application of these organisms as 
biofertilzers, it is necessary to understand how 

different strains function in biological control 
and plant growth promotion, and distinctly 
define the factors that contribute to their more 
efficient use in the field. 

 

Plate 1: Agarose gel (2.0 %) electrophoresis of 16S rRNA genes amplified from genomic DNA of the 
bacterial isolates. L: ladder, C: Control 

 

Plate 2: Agarose gel (2.0 %) electrophoresis of PCR product showing amplification of the targeted genes 
within the internally transcribed spacer (ITS) of the fungal isolates. L: ladder, C: Control 

Table 1: Molecular identification of bacterial and fungal isolates based on 16S rRNA gene and ITS 
region of the 18S rRNA sequencing data 
 

Isolate  

Code 

Identified Bacteria % Similarity to 
First Hit on 
GenBank  

Assigned GenBank 
Accession Number 

C5 
Kosakonia radicincitans strain NOU1 

98.19% 
PP493938 

C7 Klebsiella variicola strain NOU5 97.42% PP506412 
C8 Pseudomonas resinovorans strain NOU6 99.24% PP506413 

                  Identified Fungi   

B1F Aspergillus assiutensis strain NOU2 99.44% PP493939 
C2F Aspergillus brunneoviolaceus strain NOU3 99.63% PP493940 
CF1 Aspergillus tubingensis strain NOU4 99.46% PP493941 

 

 



 

2569 
Bio-Research Vol.23 No.1 pp.2563-2579 (2025) 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Phylogenetic relationship of the 16S rRNA gene sequences from the bacteria to those in the 
GenBank database. The accession numbers of the bacteria are in parentheses while the bold accession 
numbers were those of the bacteria isolated in this study. 
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Figure 3: Phylogenetic tree indicating the phylogenetic relationship of rRNA gene sequences within the 
ITS region of the fungi isolated in this study to those in the GenBank database. The accession numbers 
of the fungi are in parentheses while the bold accession numbers were those of the fungi isolated in 
this study. 

Assessment of plant-growth promotion 
characteristics  
 
Production of indole acetic acid: 

Bacterial and fungal isolates from this study 
was examined for their plant growth promoting 
attributes in terms of indole-3-acetic acid (IAA) 
production, nitrogen fixation, phosphate (P) 
solubilization and ability to tolerate heavy metal. 
Results obtained indicated that these isolates 
were able to produce indole acetic acid that 
ranged from 14 µg/ml - 33 µg/ml for fungi and 
121 µg/ml to 147 μg/ml for bacteria in the 
culture filtrate (Table 2). Notably, though all the 
fungal isolate produced IAA, from our 
observation bacterial isolates from this study 
produced higher concentration of IAA. Notably, 
a number of plant-associated bacterial and 
fungal species stimulate plant growth by 
producing hormones that stimulate plant growth 
(Naziya et al., 2019; Spaepen and 
Vanderleyden) and fostering greater resilience 
to plant diseases (Preston, 2003). Growing 
Aspergillus species in a medium enriched with 
L-tryptophan has been shown to produce indole 
acetic acid over the years (Ratnam, 2020; 
Ziaullah et al., 2020; Mehmood et al., 2019). A 
component of auxin, indole acetic acid (IAA) is 
the primary precursor of cell division and 
elongation that affect plant stem growth (Kumar 
et al., 2022). Fungi's IAA can cause roots and 
root hairs to develop and form, improving the 
corresponding plants' ability to absorb nutrients 
(Ziaullah et al., 2020). Interestingly, the 
concentrations of IAA produced by other fungal 
species falls within the range we reported here. 
For instance, Mehmood and coworker reported 
that Aspergillus awamori isolated from plant 
leaf produced 24.2 µg/ml IAA which is very 
close to the amount of IAA produced by our 
isolates (Mehmood et al., 2020).  In contrast, 
Aspergillus niger isolated from Chilli pepper 
produced 110 µg/ml of IAA (Ratnam et al., 
2020) which is far above our values for the three 
species we reported here. This suggests that 
the quantity of IAA production varies with 

different species of Aspergillus and possibly 
due to cultural conditions. The function of IAA 
produced by fungi in various plant-fungal 
interaction systems suggests that fungi can be 
linked to plants for pathogenesis or a symbiotic 
approach using IAA and related compounds, 
which promotes plant growth and modifies the 
plant's basic defense mechanisms (Ziaullah et 
al., 2020). Klebsiella variicola strain NOU5 
isolated in this study produced the highest 
concentration of IAA (147 µg/ml) compared to 
Pseudomonas resinovorans strain NOU6 and 
Kosakonia radicincitans strain NOU1. Yang and 
Yang (2020) isolated Klebsiella variicola from 
maize rhizospheric soil that produced about 
399.4 ±11.16 mg/L IAA. Furthermore, 
Kosakonia radicincitans has been reported 
severally to possess the ability to produce IAA 
(da Silva et al., 2024; Ali and El-kholy, 2022; 
Kumar et al., 2022; Park et al., 2021). The 
production of IAA by bacteria isolated from 
Odisha's acidic soil was documented and 
measured by Pradhan and Mishra (2015). In 
their study, they investigated the effectiveness 
of PGPR isolates on seed germination 
percentage and growth of rice seedlings to 
observe the effect of PGPR isolates on rice 
seedlings. They reported that Seed germination 
increased by 94% and 80 % when seeds were 
pretreated with Bacillus licheniformis and 
Bacillus tequilensis respectively with significant 
increase in the root & shoot length of rice 
seedlings. Additionally, they believed that these 
isolates improved the growth variable and 
germination percentage of rice, peanuts, and 
green gram. Pseudomonas species are well 
known for their capacity to stimulate plant 
development by producing IAA, according to 
earlier research conducted by many 
researchers (Parvin et al., 2020; Meliani et al., 
2017; Marathe et al., 2017; Bharucha et al., 
2013; Malik et al., 2011). IAA production by 
Pseudomonas resinovorans strain NOU6 was 
121 µg/ml, which is marginally greater than the 
levels reported in the aforementioned papers. 
Therefore, based on our findings these bacteria 
species could serve potential candidates for 
use as plant growth-promoting rhizobacteria.  
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Table 2: Indole acetic acid (IAA) production 

Isolate Code Name Absorbance Value  
(A535nm) 

IAA Production 
 (µg/ml) 

                          FUNGI   

B1F 
Aspergillus assiutensis strain 
NOU2 0.05 14.00 

CF1 
Aspergillus brunneoviolaceus 
strain NOU3 0.115 33.00 

C2F 
Aspergillus tubingensis strain 
NOU4 0.101 29.00 

                        BACTERIA   

C5 
Kosakonia radicincitans strain 
NOU1 0.437 125.00 

C7 
Klebsiella variicola strain 
NOU5 0.515 147.00 

C8 
Pseudomonas resinovorans 
strain NOU6 0.423 121.00 

 

Phosphate solubilization by fungal isolates 

Phosphate solubilizing fungi plays important 
roles in increasing the bioavailability of soil 
phosphates for plants assimilation. Results 
obtained from phosphate solubilization 
screening of the three Aspergillus species is 
presented in Table 3 and plate 3. Aspergillus 
tubengensis strain NOU2 (C2F) had the highest 
phosphate solubilization index of 2.80 followed 
by Aspergillus brunneoviolaceus strain NOU3 
(C1F) with SI of 2.23 and Aspergillus 
assiutensis strain NOU4 (B1F) with SI 1.12. 
According to Khuna et al. (2023), phosphate-
solubilizing fungi (PSF) are extremely important 
microorganisms that can transform insoluble 
phosphorus into soluble forms that plants may 
readily absorb. According to numerous reports 
over the past few decades, Aspergillus species 
have the capacity to convert insoluble 
phosphate to soluble form in the rhizosphere of 
plants as well as in vitro in order to promote 
plant growth (Khuna et al., 2023; Doilom et al., 

2020; Kaur and Reddy 2017; Rinu and Pandey 
2010). This could be attributed to their great 
efficiency in root colonization (Elias et al., 
2016). Interestingly, phosphate solubilzation 
index (SI) recorded by the Aspergillus spp from 
this study is very close to the values reported 
by previous researchers (Li et al., 2021). In their 
work, they isolated A. brunneoviolaceus and A. 
tubingensis from immature soil without plants in 
wastelands. However, there exists slight 
variation with the value reported by Elais and 
coworker, in their work they obtained SI of 3.05 
and 2.87 for the two Aspergillus spp isolated 
(Elias et al., 2016). According to the research, 
Aspergillus niger strains are the most 
successful in terms of the amount of tricalcium 
phosphate (TCP) solubilization (Doilom et al., 
2020; Ceci et al., 2018). However, the kind of 
carbon, nitrogen, and metal ions in soils, as well 
as the growing conditions, all affect 
solubilization by PSF (Doilom et al., 2020).   
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Plate 3: Formation of clear zones by fungal isolates during Phosphate solubilization. A= Fungal isolate 
C2F; B= Isolate B1F; C= Isolate CF1 

Table 3: Qualitative estimation of phosphate solubilization efficiency on fungal isolates 

Fungal Isolates Name Solubilization index  

CF1 Aspergillus brunneoviolaceus strain 
NOU3 

2.23 

B1F Aspergillus assiutensis strain NOU2 1.12 

C2F Aspergillus tubingensis strain NOU4 2.80 

Heavy metal tolerance test 

Bacterial isolates that had plant growth 
promoting capabilities were analyzed for heavy 
metal tolerance at metal concentrations ranging 
from 1mM to 10mM. Result of the minimum 
inhibitory concentration (MIC) assay carried out 
on the bacterial isolates is presented in Table 4. 
All bacterial isolates were highly sensitive to 
mercury at the lowest concentration of 1mM 
after 24 h incubation while Klebsiella variicola 
strain NOU5 and Pseudomonas resinovorans 
strain NOU6 were inhibited by Chromium even 
at 1 mM concentration. Nevertheless, all the 
isolates were resistant to Tin, Iron and Cobalt 
though at different concentrations. According to 
Enebe and Babalola (2018), a group of metal-
resistant PGPB, including Pseudomonas, 
Klebsiella, and Enterobacter species that are 
comparable to the bacterial genus isolated from 
this work, has the potential to greatly enhance 
the growth of a variety of plants in environments 

contaminated with metals. According to Guo 
and coworker, these metal-resistant PGPB 
were found to improve plant metal tolerance 
through soil pH change, plant detoxification 
rates, and enzymes released by plant roots 
(Guo et al., 2020). Additionally, some metal-
resistant PGPB can affect the mobility and 
bioavailability of metals, which in turn enhances 
the rate at which plants use them. This is 
achieved by the release of chelating agents, 
acidification, and redox changes (Verma and 
Kuila, 2019).  In order to reduce the negative 
effects of metals and increase plants' ability to 
accumulate metals, these metal-resistant 
PGPB strains can be employed as good 
candidates for metal phytoremediation. 
According to Manoj et al. (2020), some metal-
resistant PGPB have been shown to increase 
plant bioaccumulation/phytoextraction 
capability by secreting organic acids and 
siderophores, which lower soil pH and increase 
metal bioavailability. 

 

Table 4: Heavy Metal Tolerance Assay 

A B C 
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Heavy Metal Kosakonia radicincitans strain NOU1 

1 mM 2 mM 3 mM 4 mM 5 mM 6 mM 7 mM 8 mM 9 mM 10 mM 

Chromium (Cr) + + + + - - - - - - 

Mecury (Hg) - - - - - - - - - - 

Tin (Sn) + + + + - - - - - - 

Iron (Fe) + + + + + + + + + + 

Cobalt (Co) + + + + + + - - - - 

 Klebsiella variicola strain NOU5 

Chromium (Cr) - - - - - - - - - - 

Mecury (Hg) - - - - - - - - - - 

Tin (Sn) + + + + - - - - - - 

Iron (Fe) + + + + + + + + + + 

Cobalt (Co) + + + + - - - - - - 

 Pseudomonas resinovorans strain NOU6 

Chromium (Cr) - - - - - - - - - - 

Mecury (Hg) - - - - - - - - - - 

Tin (Sn) + + - - - - - - - - 

Iron (Fe) + + + + + + + + + + 

Cobalt (Co) + + + + - - - - - - 

KEY: - = Negative (Sensitive); + = Positive (Resistant) 

 

Plate 4: Ethidium bromide-stained agarose gel (2.0 %) electrophoresis of PCR product showing 
amplification of the targeted nitrogen fixing gene in bacterial isolate C5; L: ladder 

 

PCR amplification of the nifH gene from 
bacterial isolates 

 

Result obtained from PCR amplification of the 
nitrogen fixation gene (nifH gene) from the 

three bacterial isolates is shown on plate 4. The 
Primer set PolF/PolR amplified nitrogen fixing 
gene from only one bacterial isolate Kosakonia 
radicincitans strain NOU1 (C5) with the 
expected base size of 362 bp while there was 
no amplification from Klebsiella variicola strain 
NOU5 (C7) and Pseudomonas resinovorans 
strain NOU6 (C8). For cassava to thrive, 
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nitrogen is very essential. According to a recent 
study, cassava might be grown with less 
fertilizer on low-fertilized soil (Omondi et al., 
2018). Orr and coworkers amplified nifH gene 
from Pseudomonas aeruginosa from organic 
and conventionally managed soil using 
quantitative PCR (qPCR) with primer set 
PolF/PolR (Orr et al., 2011). In this study, 
nitrogen fixing gene (nifH gene) was amplified 
from Kosakonia radicincitans strain NOU1 (C5) 
isolated from cassava rhizospheric soil which is 
a free-living nitrogen fixing bacteria. In both 
free-living and symbiotic bacteria, the 
nitrogenase enzyme is predominantly encoded 
by the nifH genes, which are marker genes that 
can indicate an organism's efficiency in the 
nitrogen fixation process (Wang et al., 2022). 
Numerous free-living bacteria are capable of 
fixing nitrogen in the atmosphere, according to 
earlier research (Zhang et al., 2022; de Matoso 
et al., 2021; Luo et al., 2010). Therefore, 
developing and applying microbial inoculants 
containing nitrogen fixing bacteria isolated from 
cassava rhizospheric soil can improve nitrogen 
availability and soil fertility.  

 

Hence, continuous genetic screening of 
bacterial isolates using PCR amplification of 
nitrogen fixing genes is essential for identifying 
effective biofertilizer strains. 

CONCLUSION 

In conclusion, the use of microorganisms that 
promote plant development has potential as a 
substitute for inorganic phosphate fertilizers. 
Additionally, by improving the accessibility of 
phosphorus and other plant growth hormones, 
the discovery of extremely effective microbes 
that promote plant development may eventually 
replace artificial fertilizers in agricultural 
practices. In addition to supporting food 
security, this will safeguard the environment as 
a natural practice and the wellbeing of many 
living forms. Through elucidating the roles of 
microorganisms in soil ecosystems and 
harnessing molecular techniques to identify 
beneficial bacterial and fungal strains, this 
research not only offers insights into the 
possible use of plant growth-promoting 
microbes as biofertilizers for crop improvement 
but also underscores the importance of using 
molecular techniques to target bacteria strains 
that possess the potentials to fix atmospheric 
nitrogen. By integrating these findings into 
agricultural management strategies, we can 
strive towards more resilient and eco-friendly 
farming systems, ultimately contributing to 

global food security and environmental 
sustainability. 
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