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ABSTRACT 

Background: Over the past years, the continuous use of herbicides has raised increasing concern mainly due to their 
massive pollution of the environment. To address this problem, the herbicide-degrading microorganism might be very 

promising. Method: In the present study, a total of twenty (20) soil samples were collected, bacteria and fungi were isolated 
from the soil and identified using standard microbiological and molecular studies. Results: The results revealed that a total 

of 2 bacterial (Enterobacter asburiae and Pseudomonas aeruginosa) and 2 fungi (Aspergillus 

flavus and Fusarium redolens) strains were isolated from the soil samples collected from herbicide contaminated soil in Keffi, 
Nasarawa State, Nigeria. The E. asburiae and P. aeruginosa had 75.0%, and 100% occurrence while the fungi isolates 

including the A. flavus and F. redolens had 75.0%, and 100% occurrence respectively. The 16S rDNA and ITS1F analysis 
confirmed the identity of the bacteria and fungi genus. Phylogenetic analysis suggested the bacteria strains were closely 

related to Pseudomonas aeruginosa strain CIFRI DTSB1 and Enterobacter sp revealed a close relatedness with Enterobacter 

asburiae RD-DAROS-04 strain, whereas, the fungi strain revealed a closely relatedness of Fusarium 
redolens strainTIST190421511. Conclusion: In conclusion, the microbial strains including Pseudomonas aeruginosa strain 

CIFRI DTSB1, Entrobacter asburiae RD-DAROS-04, and Fusarium redolens strainTIST190421511 were the major microbial 

habitant of pesticide-contaminated farmland in Keffi, and thus represent the herbicide degrading microorganism in this 
region. Further studies on the herbicide degrading properties of these microbial strains are underway. 
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1.0 Introduction 

The level of microbial diversity in the soil exceeds 

that of any other habitat on earth, with density 

estimates of 109 to 1010 cells per gram of soil [1]. 

The soil environment supports active microbial 

growth that contributes to global elemental cycling 

and makes nutrients available to plants [1]. Simply 

put, without soil microbes, there would be no plants, 

which would eliminate herbivores, and so on up the 

food chain [3] 

Biodegradable matter is generally organic material 

that serves as a nutrient for microorganisms [4]. 

Microorganisms are so numerous and diverse that a 

huge range of compounds is biodegraded, including 

hydrocarbons (e.g oil), polychlorinated biphenyls 

(PCBs), polyaromatic hydrocarbons (PAHs), 

pharmaceutical substances [5].  

The degradation rate of many organic compounds is 

limited by their bioavailability. Compounds must be 

released into solution before organisms can degrade 

them [6]. The metabolic activities of microbes can 

also be exploited to carry out biodegradation, 

bioremediation, and environmental maintenance 

processes; and the addition of microorganisms to 

soils or plants for the improvement of crop 

production [3] 
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Herbicides cause a range of health effects ranging 

from skin rashes to death [7]. The pathway of attack 

can arise from intentional or unintentional direct 

consumption, improper Agricultural application 

resulting in the herbicide coming into direct contact 

with people or wildlife, inhalation of aerial sprays, or 

food consumption prior to the labeled preharvest 

interval [8].  According to the World Health 

Organization herbicide e.g 2,4-

dichlorophenoxyacetic acid (2,4-D) is regarded as a 

hormonal herbicide of high toxicity. It is considered 

a carcinogenic agent, affecting the liver, heart, and 

central nervous system, leading to convulsion [9]. 

The various biological systems, as microorganisms 

have been used to biotransform herbicides. The 

bacteria and fungi are the major entities involved in 

herbicide biodegradation [10]. However, the 

transformation of such compounds depends on the 

presence and genetic species of the microorganisms 

with appropriate degradation enzymes system, in 

addition to environmental parameters [11] 

Fungi and bacteria are in principle abundant in soil 

and potentially able to degrade herbicides for 

unknown reasons [12]. This may be related to the 

observation that microbial degradation appears to 

stall at low herbicide concentrations in low-nutrient 

environments such as groundwater [13]. As yet, 

very little is known about herbicide biodegradation 

in arable soil under environmental conditions. The 

present study their fore was set out to conduct a 

physiological, biochemical, molecular, and 

phylogenic identification of herbicide degrading 

microorganisms from contaminated soil in Keffi, 

Nasarawa State, Nigeria 

2.0 Materials and Method 

2.1 Description of the study area 

This study was carried out in Nasarawa State 

University, Keffi, Nigeria. Keffi is located between 

longitude 8.550 and latitude 70N and above the sea 

level of 630m. Keffi is approximately 53km away 

from the Federal Capital Territory Abuja and 133km 

away from the state capital, Lafia. 

2.2 Sample Collection 

Soil samples for this study were collected from four 

(4) different farm locations in Nasarawa State 

University, Keffi, Nasarawa State, Nigeria. Samples 

were conducted as described by Makut and Bello 

[14]. The topsoil of (5-10 cm depth) was collected 

using a sterile spatula and transferred into sterile 

polythene bags which were transported to the 

laboratory for further analysis 

2.3 Isolation of Bacteria and Fungi isolates 

Bacteriological media that were used in this study 

include Nutrient agar (NA), McConkey Agar (MCA), 

Nutrient broth (NB), Mineral salt agar. Mycological 

media such as Sabourode Dextrose Agar (SDA), 

Potato Dextrose Agar were used. All the media were 

sourced from Oxoid Ltd. (UK). One (1.0) gram of 

the soil sample was weighed using a weighing 

balance and was suspended in 9ml of sterile water. 

It was properly mixed and a 10-fold serial dilution 

was carried out into seven dilutions. 1ml of the soil 

suspension was transferred into the test tube 

containing 9ml sterilized water and another 1ml 

from the 1st test tube was transferred to the 2nd test 

tube containing 9ml sterilized water this step was 

repeated to the 10th test tube. 

The diluted samples from 10-4 to 10-7 were plated 

on sterile prepared nutrient agar and yeast malt 

extract agar by spread plate method and incubated 

at 37oC for 48 hours for bacteria and Sabourode 

Dextrose Agar for 5 days at ambient temperature 

for fungi. The isolates were sub-cultured on nutrient 

agar which were grown and stored on agar slants in 

the Refrigerator at 40C as the stock culture for 

further identification [14] 

2.4 Morphological and Biochemical 

Identification of bacteria Isolates 

The pure cultures were identified based on their 

cultural, morphological, and Biochemical test 

(Indole, Voges-Proskauer, methyl red, citrate 

utilization, catalase, nitrate reduction, urease, sugar 

fermentation, and starch hydrolysis test as 

described by Damales and Eleftherohorinos [15]. 

2.5 Morphological and Biochemical 

Identification of the Fungi isolate 

Fungi isolates identification was carried out as 

described by Makut and Ekeleme [16]. Identification 

was based on microbiological standard procedure 

using cultural and morphological characteristics. 

The cultural characteristics were determined by 

their appearance on culture plates while the 

morphological features were determined 

microscopically using lactophenol in cotton blue 

staining technique. The isolates were identified with 

reference to the work of Singh et al. (2011) fungi 

standard chart. 
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2.6 Molecular Identification of Bacteria 

Isolates 

Bacterial genomic DNA extraction: Five 

milliliters of an overnight broth culture of the 

bacterial isolate in Luria Bertani (LB) was spun at 

14000rpm for 3 min. The cells were re-suspended 

in 500ul of normal saline and heated at 950C for 20 

min. The heated bacterial suspension was cooled on 

ice and spun for 3 min at 14000rpm. The 

supernatant containing the DNA was transferred to 

a 1.5ml microcentrifuge tube and stored at -20oC for 

other downstream reactions. 

DNA quantification:  extracted genomic DNA was 

quantified using the Nanodrop 1000 

spectrophotometer. The software of the equipment 

was launched by double-clicking on the Nanodrop 

icon. The equipment was initialized with 2 ul of 

sterile distilled water and blanked using normal 

saline. Two microliters of the extracted DNA were 

loaded onto the lower pedestal; the upper pedestal 

was brought down to contact the extracted DNA on 

the lower pedestal. The DNA concentration was 

measured by clicking on the “measure” button. 

16S rRNA Amplification: The primers used for the 

amplification of the 16s rRNA region of the rRNA 

genes of the isolates are presented in table 1. The 

gene was amplified using an ABI 9700 Applied 

Biosystems thermal cycler at a final volume of 50 

microlitres for 35 cycles. The PCR mix included: The 

X2 Dream Taq Master mix supplied by Inqaba, 

South Africa (Taq polymerase, dNTPs, MgCl), the 

primers at a concentration of 0.4M, and the 

extracted DNA as a template. The PCR conditions 

were as follows: Initial denaturation, 95ºC for 5 

minutes; denaturation, 95ºC for 30 seconds; 

annealing, 52ºC for 30 seconds; extension, 72ºC 

for    30 seconds for 35 cycles and final extension, 

72ºC for 5 minutes. The product was resolved on a 

1% agarose gel at 120V for 15 minutes and 

visualized on a UV transilluminator. 

 

Table 1: The forward and reversed primers used for the bacterial and fungi gene amplification 

Primer types 16s RRNA  ITS1F: 

Forward primer 5'-AGAGTTTGATCMTGGCTCAG-3'  5'-CTTGGTCATTTAGAGGAAGTAA-3' 

Reversed primer 5'-CGGTTACCTTGTTACGACTT-3'  5'- TCCTCCGCTTATTGATATGC-3, 

2.7 Molecular Identification of fungi 

Isolates 

Fungal genomic DNA extraction: Extraction was 

done using a ZR fungal/bacterial DNA miniprep 

extraction kit supplied by Inqaba South Africa. 

Heavy growth of the pure culture of the fungal 

isolates was suspended in 200 microlitres of isotonic 

buffer into a ZR BashingBead Lysis tubes, 750 

microlitres of lysis solution were added to the tube. 

The tubes were secured in a bead beater fitted with 

a 2ml tube holder assembly and processed at 

maximum speed for 5 minutes. The ZR bashing 

bead lysis tube was centrifuged at 10,000rpm for 1 

minute. 

Four hundred (400) microlitres of supernatant were 

transferred to a Zymo-Spin IV spin Filter (orange 

top) in a collection tube and centrifuged at 7000 rpm 

for 1 minute. One thousand two hundred (1200) 

microlitres of fungal/bacterial DNA binding buffer 

was added to the filtrate in the collection tubes 

bringing the final volume to 1600 microlitres, 800 

microlitres were then transferred to a Zymo-Spin 

IIC column in a collection tube and centrifuged at 

10,000rpm for 1 minute, the flow-through was 

discarded from the collection tube.  

The remaining volume was transferred to the same 

Zymo-spin and spun. Two hundred (200) microlitres 

of the DNA Pre-Was buffer were added to the Zymo-

spin IIC in a new collection tube and spun at 

10,000rpm for 1 minute followed by the addition of 

500 microlitres of fungal/bacterial DNA Wash Buffer 

and centrifuged at 10,000rpm for 1 minute. 

The Zymo-spin IIC column was transferred to a 

clean 1.5 microlitre centrifuge tube, 100 microliters 

of DNA elution buffer were added to the column 

matrix and centrifuged at 10,000rpm microliter for 

30 seconds to elute the DNA. The ultra-pure DNA 

was then stored at -20 degrees for other 

downstream reactions. 
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Internal Transcribed Spacer (ITS) 

Amplification: The ITS region of the rRNA genes of 

the isolates were amplified using an ABI 9700 

Applied Biosystems thermal cycler at a final volume 

of 50 microliters for 35 cycles. The PCR mix 

included: The X2 Dream Taq Master mix supplied by 

Inqaba, South Africa (Taq polymerase, dNTPs, 

MgCl), the primers at a concentration of 0.4M, and 

the extracted DNA as a template. The PCR 

conditions were as follows: Initial denaturation, 

95ºC for 5 minutes; denaturation, 95ºC for 30 

seconds; annealing, 53ºC for 30 seconds; 

extension, 72ºC for 30 seconds for 35 cycles and 

final extension, 72ºC for 5 minutes. The product was 

resolved on a 1% agarose gel at 120V for 15 

minutes and visualized on a UV transilluminator. 

2.8 Gene Sequencing: 

Sequencing was done using the BigDye Terminator 

kit on a 3510 ABI sequencer by Inqaba 

Biotechnological, Pretoria South Africa. The 

sequencing was done at a final volume of 10ul, the 

components included 0.25 ul BigDye® terminator 

v1.1/v3.1, 2.25ul of 5 x BigDye sequencing buffer, 

10uM Primer PCR primer, and 2-10ng PCR template 

per 100bp. The sequencing condition was as follows 

32 cycles of 96°C for 10s, 55°C for 5s, and 60°C for 

4min. 

2.9 Phylogenetic Analysis 

Obtained sequences were edited using the 

bioinformatics algorithm Trace edit, similar 

sequences were downloaded from the National 

Center for Biotechnology Information (NCBI) 

database using BLASTN.  These sequences were 

aligned using ClustalX. The evolutionary history was 

inferred using the Neighbor-Joining method in MEGA 

6.0 [17]. The bootstrap consensus tree inferred 

from 500 replicates [18], is taken to represent the 

evolutionary history of the taxa analyzed. The 

evolutionary distances were computed using the 

Jukes-Cantor method [19]. 

3.0 Results 

3.1 Isolation and Identification of Fungi and 

Bacteria Species 

The cultural and morphological characteristics of 

fungi isolates, as well as the cultural, biochemical, 

and morphological characteristics of bacteria 

isolated from the farmland soil, are shown in Tables 

2 and 3 respectively. The identified bacteria species 

included Enterobacter asburiae and Pseudomonas 

aeruginosa while A.flavus and Fusarium redolens w

ere the identified fungi isolates from the farmland 

soil. 

The percentage occurrence of bacteria and fungi 

species is presented in table 4:   Enterobacter 

asburiae and Pseudomonas aeruginosa had 75.0%, 

and 100% occurrence respectively while the fungi 

isolate including the Aspergillus 

flavus and Fusarium redolens had 75.0%, and 

100% occurrence respectively. 

3.2 Molecular identification of the bacteria 

and fungi isolates 

The molecular identification of the bacterial and 

fungi isolates is shown in Figures 1 and 2 

respectively. Agarose gel electrophoresis identified 

the bands corresponding to the 16S rRNA gene 

of Pseudomonas aeruginosa and Enterobacter 

asburiae (figure 1). In addition, the agarose gel 

electrophoresis revealed the amplified ITS fragment 

of Aspergillus flavus and Fusarium Redolens (figure 

2). 

3.3 Phylogenic and evolutionary tend of 

the bacteria and fungi isolates 

The 16s rRNA and ITS sequence of the bacteria and 

fungi isolates produced an exact match during the 

mega blast search for highly similar sequences from 

the NCBI non-redundant nucleotide (nr/nt) 

database.  The 16S rRNA and ITS of the isolate 

showed a percentage similarity to other species at 

99-100%.  

The evolutionary distances computed using the 

Jukes-Cantor method were in agreement with the 

phylogenetic placement of the 16S rRNA isolates 

within the Pseudomonas sp and revealed a close 

relatedness with Pseudomonas aeruginosa strain 

CIFRI DTSB1, while the Enterobacter sp revealed a 

close relatedness with Enterobacter asburiae RD-

DAROS-04 strain (Figure 3). The ITS of the isolates 

within the Aspergillus sp revealed a close 

relatedness of Aspergillus flavus and Fusarium sp  

to Fusarium redolens strainTIST190421511 (Figure 

4). 
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Table 2: Cultural and Morphological Characteristics of fungal isolates 

                                                Characteristics 

Fungal 

Isolate 

Cultural Morphological 

Aspergillus 

flavus 

Colonies are granular, flat, often with radial 

grooves, yellow at first but quickly becoming 

bright to dark yellow-green with 

age. Conidial heads are typically radiate, later 

splitting to form loose columns biseriate but 

having some heads with phialides borne directly 

on the vesiclecleistothecia 

Conidiophore stipes are hyaline and coarsely 

roughened, often more noticeable near the 

vesicle. Conidia are globose to subglobose 

Fusarium 

redolens 

Colonies growing slowly; surface usually orange 

to deep apricot due to confluent conidial slime; 

aerial mycelium sometimes floccose and 

whitish. 

Conidiophores loosely branched, with short, 

often swollen phialides. Macroconidia 

strongly curved and pointed at the apex, 

mostly one septate, Microconidia absent 

Table 3: Cultural, Morphology and Biochemical characteristics of Bacterial Isolates 

  Biochemical test  

Cultural Gramstain Cat Nit Coa Gel Ure Glu Suc Inference 

Brown on MaC and Greenish 

Colonies on NA 

  -  +  +   -   +   -  +   - 

 

Pseudomonas 

aeruginosa 

Purple on MaC - + + - + - + + Enterobacter 

asburiae 

KEY: Cat-catalase, Nit- nitrate, Coa-coagulase, Gel-gelatin, Ure- urea, Glu- glucose, Suc-srucose 

Table 4: Occurrence of bacteria and fungi isolated from soil samples 

Isolates Farm Locations                       Occurrence  (% ) 

  A   B  C D   

Enterobacter asburiae + + - + (75.0%) 

Pseudomonas aeruginosa + + + + (100%) 

Aspergillus flavus - + + + (75.0%) 

Fusarium redolens + + + + (100%) 
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Figure 1: Agarose gel electrophoresis of the 16S rRNA gene of Pseudomonas aeruginosa and Enterobacter 

asburiae. Lanes 1-2 represent the 16SrRNA gene bands (1500bp). Lane N represents the negative control; lane 

L represents the 100bp molecular ladder. 

 

Figure 2: Agarose gel electrophoresis showing the amplified ITS fragment of Aspergillus flavus and Fusarium 

Redolens. Lanes 1-2 represent the ITS bands at 600bp while N represent negative control, lane L represents 

the 100bp molecular ladder. 

 

  

 
 

Figure 3: Phylogenetic tree showing the evolutionary distance between the bacterial isolates 
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Figure 4: Phylogenetic tree showing the evolutionary distance between the fungi isolates 

4.0 Discussion 

Pollution of soil and water by herbicide is known to 

cause serious damage to micro and macro flora and 

fauna of the soil, aquatic and human [20]. This 

study focuses on the identification of herbicide-

degrading bacteria and fungi species isolated from 

the farmland soil in Keffi, area of Nassarawa State, 

Nigeria. 

The bacteria and fungi species isolated from the soil 

environment in Keffi were Enterobacter 

asburiae, Pseudomonas aeruginosa, Aspergillus 

flavus, and Fusarium redolens. The isolation of 

bacteria and fungi as mentioned were in agreement 

with the study earlier reported by Olukanmi et al., 

[20], Singh et al., [21], and Samarth et al., [22]. 

The occurrences of bacteria and fungi mentioned 

above suggest that the microorganism may be 

resistant to herbicide present in the soil. Members 

of the genus Pseudomonas are known to possess a 

wide range of degradative activities [23] and have 

the ability to develop new degradative activities 

[24]. 

Congeevaram et al., [25] reported that cells of 

certain organisms are negatively charged due to the 

presence of anionic structure and this gives 

microorganisms the ability to band chemical 

compounds and absorbed it into the cell. The 

utilization of herbicide content of medium by 

bacteria and fungi isolates such as Enterobacter 

asburiae, Pseudomonas aeruginosa, Aspergillus 

flavus, Fusarium redolens as observed in this study 

was totally in agreement with the study earlier 

described by Olukanmi et al. [20]. 

5.0 Conclusion 

In conclusion, the present study revealed that 

bacteria strains of Pseudomonas aeruginosa strain 

CIFRI DTSB1 and Entrobacter asburiae RD-DAROS-

04 and the fungi isolates including the Aspergillus 

flavus and Fusarium redolens under the phylogenic 

tree of Fusarium redolens strainTIST190421511 

were the major microbial habitant of pesticide-

contaminated farmland in Keffi, and thus represent 

the herbicide degrading microorganism in this 

region. Further analysis on the herbicide degrading 

properties of these microbial strain is underway 
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