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ABSTRACT  

 
Sixty bacterial isolates were isolated from two herbicide contaminated soil farms (Amoyo and University of Ilorin Nursery section both in Kwara State) after enrichment 

with mineral salt medium (MSM) supplemented with glyphosate containing herbicide. The organophosphorus herbicide efficiently stimulated the growth of bacterial 

isolates. Bacteria isolated were subjected to screening using varying concentrations of the herbicide ranging from 0.1 to 3% prepared with mineral salt medium. This 
screening revealed that all the bacterial isolates had biodegradative potential. They however had varying degradative potentials as some had heavy growth while others 

had only slight growth or no growth on increased concentrations of herbicide. Screening reduces the bacterial populations with growth ranging from 5.0 x 104 to 2.33 x 

108 while the number of bacterial isolates reduced from sixty to thirteen. These bacterial isolates were Pseudomonas putida, Bacillus safenis, Lysinibacillus fusiformis, 
Micrococcus sp., Arthrobacter sp., Aeromonas sp., Bacillus cereus, Flavobacterium sp., Acinetobacter rhizoshaerae, Bacillus pumilus, Achrobacterium sp., Bacillus sp., 

and Ochrobacterium sp. The increase in viable bacterial counts over the period of 21 days indicated the use of herbicide as carbon source for their various metabolism 

processes. These bacteria can be recommended as environmentally safer alternatives tools to protect soil from excessive use of glyphosate containing herbicide residues 
which might contaminate the soil. 
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INTRODUCTION 

 

Glyphosate (N-(phosphonomethyl) glycine) is a broad-spectrum systemic 
herbicide used to kill weeds, especially annual broadleaf weeds and grasses known 

to compete with commercial crops grown around the globe. A study on mice has 

found that a single intraperitoneal injection of Roundup in concentration of 25 
mg/kg caused chromosomal aberrations and induction of micronuclei (Stephen et 

al., 2008; Prasad et al., 2009). A study of various formulations of glyphosate 

found that risk assessments based on estimated and measured concentrations of 
glyphosate that would result from its use for the control of undesirable plants in 

wetlands and over-water situations showed that the risk to aquatic organisms is 

negligible or small at application rates less than 4 kg/ha and only slightly greater 
at application rates of 8 kg/ha (Solomon et al., 2003). Glyphosate formulations are 

much more toxic for amphibians and fish than glyphosate alone (Salbego et al., 

2010). Aquaculture, freshwater and marine fisheries supply about 10% of world 
human calorie intake (Relyea, 2005). 

Bacteria strains capable of utilizing methyphosphonic acid (MP) or glyphosate 

(GP) as the sole source of phosphorus were isolated from soils contaminated with 
these organophosphonates. Strains Achromobacter sp. MPS (VKM B-2694), MP 

degraders group and Ochrobactrum anthropi GPK 3 (VKM B-2554D), GP 

degraders group, demonstrated the best degradative capabilities towards MP and 
GP, respectively and were studied for the distribution of their organophosphate 

catabolism systems (Sviridov et al., 2012). 

Herbicides have been reported to have widely variable toxicities. Some herbicides 

can cause a range of health effects, ranging from skin rashes to death (Gilbert and 

Scott, 2010). In addition to the risk of herbicide pollution to ecosystems and the 

risks to human health, the residues of herbicides used on previous crops can cause 
phytotoxicity to the rotation crops, threaten the safety of food production (Kinney 

et al., 2004). Due to their highly toxic nature and long persistence in the 

environment, there is considerable concern regarding herbicide residues in 
ecosystems.  

Herbicides are extraneous to soil component pools and are expected to affect the 
catalytic efficiency, behavior of soil enzymes (Bollag and Liu, 1990; Sannino 

and Gianfreda, 2001), which contribute to the total biological activity of the soil-

plant environment under different states (Dick, 1994). The interaction between 
herbicides and soil microorganisms may be of practical significance because of 

possible inhibition in microbial activities contributing to soil fertility. Various 

studies have revealed that the herbicides can cause qualitative and quantitative 
change in enzyme activity (Sannino and Gianfreda, 2001; Saeki and Toyota, 

2004; Sebiomo et al., 2011, Xiao et al., 2011). Hence, the effects of herbicides on 

soil microbial communities addressing the apprehensions about the environmental 
impacts of herbicide use. However, the aim of this study is to exploit the ability of 

microorganism to degrade herbicide residue from agricultural soils. 

MATERIALS AND METHODS 

 

Sterilization of Glassware and other materials 

 

All glassware used were thoroughly washed with detergent, rinsed and allowed to 

dry. The glassware was then wrapped with aluminium foil and sterilized in the hot 
air oven at 170ºC for 60 minutes. The distilled water used for serial dilution, was 

autoclaved at 121ºC for 15 minutes. The work bench was swabbed with 70% 

alcohol before and after every experiment. 
 

Sample site 

 
Two agricultural sites contaminated with herbicide were selected; these were farms 

from Amoyo in Ifelodun Local Government Area of Kwara State (Latitude 8.63°N 

and Longitude 5.18°E) and Nursery Section of the Department of Forestry, 
University of Ilorin, Kwara State (Latitude 8.4799°N and Longitude 4.5418°E). At 

each location, four (4) different samples were collected. 

 

Soil sampling 

 

Two soil samples were collected at four different points at each location and were 
labeled A1, A2, A3, A4 and B1, B2, B3 and B4 respectively. At each point, soil 

samples were collected randomly 5-10 cm beneath the surface of the soil using 

sterile hand trowel and were packed in sterile polythene bags properly labeled. The 

samples were immediately transferred to Microbiology laboratory for analysis. 

 

Herbicide 
 

Two brands of herbicides containing one active ingredient which is glyphosate 

were used in this study. The brands were Forceup and Goldensate with the active 
ingredient of analytical standard glyphosate (44.1%) which was provided by an 

Agro chemical shop in Ilorin metropolis, Kwara State. 
 

Physicochemical Analysis of Soil Samples 

 
The physicochemical characteristics of the soil samples that were determined 

include: temperature, pH, percentage moisture content and organic matter content. 

Soil pH, percentage moisture content and organic matter content were determined 
based on the method describe by Pramer and Schmidt (1964). 
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Preparation of Stock Mineral Salt Medium for Bacteria 

 

Stocks were prepared inside plastic bottles with sterile distilled water using the 

following composition of mineral salts as described by Eman et al. (2013). The 
constituents for stock mineral salt medium for bacteria were: 

Bacteria (litre)  For 150 ml 

10g NaCl   15ml of 10% NaCl 

0.42g MgSO4.7H2O  3.15ml of 2% MgSO4.7H2O 

0.29g KCl   2.18ml of 2% KCl 

1.25g K2HPO4  9.38ml of 2% K2HPO4 
0.83g KH2PO4  6.23ml of 2% KH2PO4 

0.42g NaNO3  3.15ml of 2% NaNO3 

Herbicide   1/2/3ml of Forceup/Goldensate 
15g Agar-agar  2.3g of Agar powder 

 

Preparation of Media 

 

All these mineral salts were measured into different plastic bottles and dissolved 

with 100 ml distilled water as stock. Calculated volume of each mineral salts were 
taken from various stocks with sterile pipettes, in order to make 150 ml solution, 

100 ml distilled water and 20 ml tap water was added as a source of trace elements 

to make up the 150 ml, followed by 2.3 g of Agar-agar. The mixture was heated, 
homogenized and autoclaved at 121ºC for 15 minutes. The volume of each stock 

solution used for 150 ml mineral salt agar medium for fungi and bacteria is 

described earlier above. 
 

Microbiological Analysis of Soil Samples 

 

Isolation of Bacteria from Soil Samples 

 
This was done using the soil dilution pour-plate method as described by Eman et 

al. (2013). 

 

Screening of Bacterial Isolates for Biodegradative Potential 

 

Screening of bacterial isolates and growth capability on herbicide mineral salt agar 

medium was done qualitatively following the method described by Eman et al. 

(2013). Bacterial screening was carried out by monitoring the growth capability on 

herbicide containing mineral salt media at different concentrations (0.1%, 1%, 2% 
and 3%). 

 

Purification and Preservation of Bacterial Isolates 

 

Pure cultures of bacteria were isolated by using a sterile wire loop to pick a 

representative colony from the parent plate. Subculture was done on a solidified 
sterile nutrient agar plate by streaking under aseptic condition. The plates were 

incubated upside down at 37ºC for 24 hours. The pure cultures obtained were 

thereafter transferred into separate sterile nutrient agar slant, incubated at 37ºC for 
24 hours labeled and stored in the refrigerator at 4-8ºC as stock cultures. 

 

Characterization and Identification of Bacterial Isolates 

 

The characterization and identification of bacterial isolates were based on the 

colonial morphology, cellular characteristics and biochemical tests carried out on 

pure culture of isolates (Buchanan and Gibbons, 1974; Fawole and Oso, 2001; 

Dubey and Maheshwari, 2004; Garrity et al., 2004). 

 

Colonial Morphology 

 

 
The colonial morphology of the bacteria was based on the shape, size, elevation, 

edge, transparency and pigmentation of the isolates. 

Cellular Characteristics 

 

 

This involves staining and microscopic examination of the bacterial isolates. The 
cellular characteristics include Gram staining, spore staining and motility test. All 

these cellular characteristics were determined as described by Fawole and Oso 

(2001). 
 

 

 

Biochemical Test 

 

Biochemical test such as catalase test, indole test, Voges-Proskauer (VP) test, 

citrate utilization test, oxidase test was carried out according to the method 
described by Fawole and Oso (2001) while urease test and methyl red test were 

carried out following the method described by Brock et al. (1994) and Olutiola et 

al. (1991) respectively.  
 

Molecular Identification 

 
All the selected isolates were inoculated in sterile nutrient broth which was at 37ºC 

incubated for 24 hours and then transferred to International Institute of Tropical 

Agriculture Laboratory, Ibadan, Oyo State, Nigeria for further identification using 
molecular technique. 

 

Molecular Characterization of Bacterial Isolates 

 

Molecular characterization was done using 16s rRNA polymerase chain reaction 

(PCR) techniques, bacterial isolates was further identified at genomic level. 
 

Isolation of Genomic DNA 

 
The genomic DNA of the strain was isolated according to the instruction described 

in QIAamp DNA mini kit (250) cat no 51306. 

 

PCR Amplification of 16rRNA region 

 
PCR amplification was done to confirm the identity of the bacterial strain. To get 

an amplification size of 1500bp, the small sub-units 16s rRNA genes were 

amplified from the genomic DNA with 16sF (5’ AGAGTTTGATCCTGGCTCAG 
3) and 16sR (5’ TACCTTGTTACGATT 3’) primers. Amplification were carried 

out in 20 µl reaction mixture consisting of 10 x buffer 2.0 µl: 2.0mMdNTPs; 2.0 

µl; 3.0 U/µl taq DNA polymerase, 0.2 µl; 100 ng/µl of each primer, 1.0 µl; template 
DNA, 1.0 µl and sterilized distilled water 12.8 µl in a (Biorad, USA) thermal cycler 

using the PCR conditions 95ºC for 2 minutes (denaturation), 53.8ºC (strain R5), 

52.3ºC (strain k22) and 60.40ºC (strain N11) for 1 minute (annealing) and 72ºC for 

3 minutes (extension). The total number of cycles was 40, with the final extension 

of 72ºC for 10 minutes. The amplified product (50 µl) were size separated on 1% 

agarose gel prepared in 1% TAE buffer containing 0.5 µg/ml ethidium bromide 
and photographed with the gel documentation system (Biored, USA). A 100bp 

DNA ladder (Genei) was used as molecular weight size markers.  

 

Purification of the PCR product 

 

The PCR product (1500bp) was purified from contaminating products by 
electroelution of the gel slice containing the excised desired fragment with 

Qiaquick gel extraction kit (Qiagen, USA). The elution was carried out in 300 µl 

of nuclease free water. 
 

Nucleotide sequencing 

 
Sequencing pattern- the PCR amplicons obtained by amplifying PCR products was 

diluted in Tris buffer (10 mM, pH 8.5). The dilution used was 1:1000 in order to 

obtain the DNA concentration required 8 µl DNA. The primers used in all 

sequencing reactions was 16sF (5’ AGAGTTGATCCTGGCTCAG 3’) at a 

concentration of 3 µM. Sequencing was then performed using an Automated 

Sequencer (ABI PRISM 310, Applied Biosystem, USA). 
 

Bacterial Biodegradation study 

 
The composition of the mineral salt broth medium used for bacterial degradation 

study was the same composition of stock mineral salt medium for bacteria with the 

exemption of agar-agar. Four hundred milliliters of the medium were prepared in 
500ml conical flask and 6ml of the test herbicide was added as source of carbon 

and energy before the medium was sterilized in an autoclaved at 121ºC for 15 

minutes. The progress of degradation study was assessed by measuring the change 
in pH, optical density and changes in bacterial population over the period of time. 

Changes in viable bacterial count were determined according to Okerentugba and 

Ezeronye (2003). Changes in pH of the mineral salts broth were monitored and 
changes in optical density of the mineral salts broth were measured 

spectrophotometrically by following the method described by Ekundayo and 

Osunla (2013). 
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RESULTS 
 

Physicochemical Parameters of Herbicide Contaminated Soil Sample 

 
The physicochemical parameters of herbicide-contaminated soil considered 

include: percentage of moisture content, organic matter content and pH. The results 

of the physicochemical parameters tested from eight soil samples as were presented 
in Table 1. The soil colour ranges from gray to black. The percentage moisture 

content ranged from 32 to 50%. The percentage organic matter content of the soil 

samples ranged from 47.81 to 64.06%, while the pH of the soil samples ranged 
from 6.20 to 8.00 as shown in Table 1. 

 

Table 1 Physicochemical Parameters of Soil Samples 

Sample Colour 
Temperature 

ºC 
pH 

Moisture 

Content 

(%) 

Organic 

matter 

(%) 

A1 Black 30.2 6.26 40 47.81 
A2 Grey 30.5 7.56 37 48.69 

A3 Grey 31.0 7.56 42 50.03 

A4 Black 32.4 6.55 50 48.20 

B1 
Dark 

Grey 
30.3 6.43 32 58.60 

B2 Black 30.7 6.44 36 62.51 
B3 Grey 30.5 7.42 38 64.06 

B4 Black 31.1 8.0 36 60.67 

Key: A= A farm in Amoyo; B= A farm in Nursery Section at Unilorin 
 

Isolation and Characterization of Bacteria Isolates  

 
A total number of sixty for Force up brand and forty-one for Goldensate brand 

bacterial isolates were isolated from the soil using mineral salt medium. These 

isolates were subjected to screening with different concentrations of herbicide 
ranging from 0.1 to 3% herbicide concentrations. This reduces the species to a total 

number of eight (8) for Force up and five (5) for Goldensate. 

Bacterial isolates were identified using the manuals of Buchanan and Gibbons 
(1974) and Cullimore (2009), which were identified as Pseudomonas sp., Bacillus 

sp., Micrococcus sp., Arthrobacter sp., Acinetobacter sp., Achrobacterium sp., and 

Ochrobacterium sp. These were further subjected to 3% concentration screening 
which reduces the bacterial isolates to six species for Force up taking them longer 

time (78 hr) to grow on the medium. These species include Lysinibacillus 

fusiformis, Bacillus safensis, Bacillus pumilus, Bacillus cereus, Ochrobacterium 

anthropi and Arthrobacter sp., and two for Goldensate, which are Flavobacterium 
sp., and Bacillus sp., with bacteria count ranging from 1.0 x 103 – 3.6 x 104 cfu/ml.  

 

Table 2 Growth of bacterial isolates in mineral salt agar medium (MSM) 
supplemented with 2% and 3% (v/v) of Force up and Goldensate herbicides brands 

S/N Bacterial Isolates 

Degree of 

growth in 2% 
MSA 

Degree of 

growth in 3% 
MSA 

 Force up   

1 Lysinibacillus fusiformis ++++ ++++ 

2 Bacillus safensis ++++ ++++ 
3 Bacillus pumilus ++++ ++++ 

4 Bacillus cereus ++++ ++++ 

5 Arthrobacter sp. ++ + 

6 Aeromonas sp. + - 

7 Acinetobacter rhizoshaerae ++ - 

8 Ochrobacterium anthropi +++ ++ 

 Goldensate   

1 Achrobacterium sp. +++ - 

2 Flavobacterium sp. +++ ++ 

3 Bacillus sp. ++ + 

4 Micrococcus sp. ++ - 

5 Pseudomonas putida +++ - 

Keys:  

+++++: Profused growth 

++++: Heavy growth 
+++: Moderate growth 

++: Slight growth 

+: Very slight/faint growth 
-: No growth 

 

Lysinibacillus fusiformis, Bacillus safensis, Bacillus pumilus and Bacillus cereus 
were selected for biodegradability study due to their high biodegradative potential 

on MSA supplemented with 3% of Force up- herbicide. Details of growth of all 

biodegrading bacterial isolates were shown in Table 2. However, only Force up 
herbicide was used for the biodegradative study due to the biodegradative potential 

of the microorganism on the mineral salts medium agar supplemented with Force 

up herbicide and it is the most used. Details of the degree of growth of all the 
biodegrading bacterial isolates on MSA were also shown in Table 2. The colonial 

morphology, cellular characteristics and biochemical tests of bacteria isolates were 

shown and presented in Table 3. The following  
 

Table 3 Characterization and Identification of Bacterial Isolates 
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I Small T Cream + R Single + - + + - + - - - + Fe K K - - 

I Small T Cream + R Single + - + + - + - - - + Fe K K - - 

I Small Op Green - R Cluster - + + + - - - + - + FA A A - 
- 

C Small Op Orange - R Cluster - + + + - - - - - + Fe K K - - 

C Medium Op Cream - R Single - - - + - - + + - - Ae K A - 
- 

I Small T Cream + I Single + - + + + + - - - + Fe K K - - 

I Small T Cream + R Single + - + + + + - - - + Fe K K - - 
C Small Op Cream - Co Single + - + + - + - - + - Fe A A - - 

C Large Tr Cream + R Pair - - - + - + - - + - Ae A A - - 

C Small Op Yellow - R Single - - + + - - - + - - Fe K A - 
- 

C Large Op Yellow - R Single - + + + - - - + + - Ae K A - 
- 

Keys: 

R: Rod; I: Irregular; Op: Opaque; T: Transparent; Tr: Transluscent; K: Alkaline; A: Acid; AG: Acid and gas production; C: Circular; Co: Cocci; FA: Facultative anaerobe; 

Fe: Facultative aerobe; Ae: Obligate aerobe; +: Positive; -: Negative. 
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Screening of Bacterial Isolates in Mineral Salts Agar (MSA) 

 

Lysinibacillus fusiformis RB-21, Bacillus safensis U17-1, Bacillus pumilus 

GLB197 and Bacillus cereus M3 grew heavily, Ochrobacterium anthropi grew 
moderately while Arthrobacter sp., Aeromonas sp., and Acinetobacter 

rhisoshaerae grew slightly on MSA plates at 2% concentration of Force up 

herbicide. L. fusiformis RB-21, B. safensis U17-1, B. pumilus GLB197 and B. 
cereus M3 grew heavily on MSA plates at 3% concentration of herbicides (Force 

up) while O. anthropi grew slightly, taken them 3 to 5 days to grow on their various 

plates. Aeromonas sp. and Acinetobacter rhizoshaerae showed no growth on MSA 
plates. 

Moreover, Achrobacterium sp., Flavobacterium sp., and Pseudomonas sp. grew 

heavily on 2% concentration of Goldensate herbicide while Bacillus sp. and 
Micrococcus sp. grew slightly. However, only Flavobacterium sp. and Bacillus sp. 

grew slightly while Achrobacterium sp., Micrococcus sp. and Pseudomonas putida 

showed no growth on MSA plates at 3% concentration of Goldensate herbicide. 
Details of growth of all biodegrading bacterial isolates on MSA plates are shown 

in Table 2.0. 

 

Molecular Identification  

 

Molecular characteristics using sRNA PCR technique further confirm the 
observation of the morphological and biochemical identification of the bacterial 

isolates in this study. The results conform to the four bacterial isolates used for the 

biodegradation study on the study. Figure 1-4 shows the nucleotide for 
Lysinibacillus fusiformis strain RB-21 as F1; Bacillus safensis strain U17-1 as F2; 

Bacillus pumilus strain GLB197 as F3 and Bacillus cereus strain M3 as F4. 
However, the results of the molecular examination revealed all the isolates sent to 

be Bacillus with different species and these were used for biodegradation study. 

 
F1 

CTCTGATCGGATATTGGGCGTAAGCGCGCGCAGGTGGTTTETTAAGTT

CTGATGTGA 
AAACCCACAGGCTCAACTTCGGATCGTCCTTGGAAACTGGGAAACITG

AGTGCAAA 

AAAGGATAGTGAAATTCCCAGTGTACGGGTGAAATGCGTAAAGATTT

GGAGGAAC 

ACCAGTGGCGAAGGCGACTATCTGGTCTGTAACTGACCETGAAGGCG

CGAAAGCGG 
GGGGAGCAAACAGAATTAAATACCCTGGTAGTCCACGCCGTAAACAA

TGATGGCT 

AAGTGTTAGGGTTTTCCGCCCCCCTTAGTGCTGAAGCTAACEGCATTA
AGCATTCCGCC 

GGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGATTTGAAGGGGAC

CCCGCACAA 
GCGGGGAAGTATGTGGTTTATTTCGAAGCAACGGAAGAACCTTACCA

GGTCTTGA 

CATCCCGTTGAACCCTGTAGAAATATAGGTTECCETTEGGAGGGAACT
GTCACAGGT 

GGCACGGGGTTGTCATCTCTCGTGTCGAGATGTTGTGGTTTAACTCGC

GCACGAGC 
GCACTCGAGATCAGATGTCGCCACATTTAGTTGGGCTCCTATGTEGAC

TGCGGTAAA 

ACCGGAGAAGGGGGGGAGACTCAAATATCAGGCCCTTAAGTTCGGCG

TAGAATCGC 

TATATGGTGTAGACACGGTGCCACTCCAGTGGGACCTATCAACGAGC

CGTCTCATTC 
GAATGAAGCGCACTCGCTGCTAATCGGATCTATATEGGGATOCAGCTG

CCGTAACTC 

CCCGGTCTAAA 
Figure 1 DNA Sequence of Lysinibacillus fusiformis RB-21. 

 

F2 

GGCGCGTCGGATATTGGGCGTAAGGGCTCGCAGGCGGTTICTTAAGTC

TGATGTGA 

AAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGAAACTIG
AGTGCAGA 

AAAGGAGAGTGGAATTCCACGTGTAGGGGTGAAATGCGTAAAGAATG

TGGAGGAAC 
ACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGEGAG

CGAAAGCGTG 

GGGAGCGAACAGGATTAAATACCCTGGTAGTCCACGCCCGTAAACGA
TGAGGGCTA 

GGTGTTAGGGGTTTCCGCCCCCCTTAGGGCTGAAGTTAAACGCATTAA

GCATTCCGCC 
GGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTTGACGGGGG

CCGCACAA 

GCGGTGAAGCATGTGGTTTAATTCGAAGCAACGCCGAAAAACCTTAC
CAGGTCTTGA 

CATOCTCTGACAACCCTAAAGATAGGGGTTTECCTTCCGGGAACAGAG

TGACAGGTG 
GTGCAGGGTTGTCGCCACCTCGTGCCGTGAGATGTTGGGTTAAGTCCC

GCAACGAG 

CGCAACCCTTGATETTAGTTGCCAGCATTCAGTTGGOGCCCCCTAAGG
TGACTGCCGG 

TGAÁAAACCGGAGGAAGGTGGGGATGACCTCAAATCTTCATGCCCCT

TATGACCTG 
GGCTAGACACTTGCTACTATGGACTGAACAAGGGTTGOCCAGACTGC

AAGGTGGAGC 

CCATCCCAAAAATCTGGTCTCTCATCTGGATAGTAAACCAGCACTCCG
CTGCCGCGA 

GTCTGCGAACTETTTCAGACGEGGATCAGCACGCCGCCGGTGATACGC

CTCCCCCG 
GGCCTCCA 

Figure 2 DNA Sequence of Bacillus safensis U17-1. 

 
F3 

AGGCTGTCGGATATTGGGCGTAAGGGCTCGCAGGGGTTTOCTTAAGTC
TGATGTGA 

AAGCCCCCGGCTCAACCGGGGGAGGTCATTGGAAACTGGGAAACTTG

AGTGCAGA 
AGAGGAGAGTGGAATTCCACGTGTAGGGTGAAATGCGTACGAGATGT

GGAGGAAC 

ACCAGTGGCGAAGGGACTCTCTGGTCTGTAACTGACGCTGAGGAGCG
AAAGCGTG 

GGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAACGA

TGAGTGCTA 
AGTGTTAGGGGTTTCCGCCCCCTTAGTGCTGCAGCTAACCGCATTAAG

CACTCCGCCT 
GGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTOGACGGGGG

CCCGCACAAG 

CGGTGGAGCATGTGGTTTAATTCGAAGCAACGGAAGAACCTTACCAG
GTCTTGAC 

ATCCTCTGACAACCCTAGAGATAGGGETTTCCCTTCGCGGGACAGAGT

GACAGGTGG 
TGCATGGTTGTCGTCAGCTCGTGTGTGAGATGTTGGGTTAAGTCCCGC

AACGAGC 

GCAACCCTTGATETTAGTTGCCAGCATTTAGTTGGGCAACTCTAAGGT
GACTGCCGGT 

GACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTT

ATGACCTGG 
GCTACACACGTGCTACAATGGACAGAACAAAGGGGGTOGCGAGACCG

CAAGGTTTAG 

CCCATCTCACAAATETGTTCTCAGTTCGGATCGGAGTETGCAACTCGA

CTGCGTGAA 

GCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACTTC

CCCGGGGG 
TCTAAAA 

Figure 3: DNA Sequence of Bacillus pumilus GLB197. 

 
F4 

AGCGGCACGGATATTGGGCGTAAGCGGGGGGGGGTGGTTTCTTAAGT
CTGATGTGA 

AAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGAACTT

GAGTGCAGA 
AGAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGGTAGAAGATAT

GGAGGAAC 

ACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAAGGCG
CGAAAGCGTG 

GGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCGTAAACGA

TGAGTGCTA 
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AGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACCGCATTAAG
CACTCCGCCT 

GGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTOGACGGGGG

CCCGCACAAG 
CGGTGGAGCATGTGGTTTAATTCGAAGCAACGGAAGAAACCTTACCA

GGTCTTGAC 

ATCCTCTGACAACCCTAGAGATAGGGETTETECTTEGGGGAGCAGAGT
GACAGGTGG 

TGCATGGTTGTCGTCAGCTCGTGTGTGAGATGTTGGGTTTAAGTCCCG

CAACGAGC 
GCAACCCTTGATCTTAGTTGCCATCATTTAGTTGGGCACTTCTAAGGT

GACTGCCGGT 

GACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCCT
TATGACCTGG 

GCTACACACGTGCTACAATGGACGGTACAAGAGETGCAAGACCGCGA

GGTGGAG 
CTAATCTCATAAAACCGTTCTCAGTTEGGATTGTAGGCTGCCAACTCG

CCTÁCGTGAA 

GCTGGAATCGCTAGTAATCGGGATCAGCATGCCGGGGTTGAATACTTC
CCCGGGT 

CCACAAA 

Figure 4: DNA Sequence of Bacillus cereus M3. 
 

Bacterial Biodegradation Studies 

 

Changes in Bacterial Population during Biodegradation 

 
Changes in bacterial population in mineral salt medium broth (MSB) supplemented 

with 2% (v/v) Force up- herbicide during biodegradation. Viable counts of the 

biodegrading bacterial isolates for Lysinibacillus fusiformis RB-21 the ranged was 
between 5.0 x 104 and 2.33 x 108. For Bacillus safensis U17-1 the ranged was 

between 2.3 x 105 and 2.26 x 106. For Bacillus pumilus GLB197 the ranged was 

between 1.1 x 105 and 7.9 x 106 and for Bacillus cereus M3 the ranged was between 
6.8 x 105 and 2.80 x 106. During the 21-days period of biodegradation, the peak 

values generally tend to be on day 6 for all isolates, after which the viable counts 

starts falling. Details of the viable counts for each isolates are shown in Figures 5-

8. 

 
Figure 5 Changes in the population of Lysinibacillus fusiformis RB-21 in Mineral 
Salts Broth supplemented with 2% of force up- herbicide 

 
Figure 6 Changes in the population of Bacillus safenis U17-1 in the Mineral Salts 

Broth supplemented with 2% of force up- herbicide 

 
Figure 7 Changes in the population of Bacillus pumilus GLB197 in the Mineral 

Salts Broth supplemented with 2% of force up- herbicide 

 
Figure 8 Changes in the population of Bacillus cereus M3 in the Mineral Salts 

Broth supplemented with 2% of force up- herbicide 
 

Changes in pH of MSB during Biodegradation 

 
The pH values obtained during the course of the biodegradative study ranged from 

6.60 to 6.97 for Lysinibacillus fusiformis RB-21; 6.60 to 7.2 for Bacillus safensis 

U17-1; 5.00 to 6.00 for Bacillus pumilus GLB197 and between 5.00 and 6.400 for 
Bacillus cereus M3; details of changes in pH values are shown in Figure 9. 

 
Figure 9 Changes in pH of Mineral Salts Broth supplemented with 2% force up- 

herbicide during bacterial biodegradation 

 

Changes in optical density (A@600nm) of MSB during Biodegradation 

 

Values obtained for changes in optical density of MSB ranged from 0.018 to 0.026 
for Lysinibacillus fusiformis RB-21; 0.009 to 0.029 for Bacillus safensis U17-1; 

0.014 to 0.026 for Bacillus pumilus GLB197 and 0.037 to 0.18 for Bacillus cereus 

M3. Details of the changes in optical density are shown in Figure 10. 
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Figure 10 Changes in Optical Density of the Mineral Salts Broth with bacterial 

isolates during bacterial biodegradation 

 

DISCUSSION 

 
Results obtained from the physicochemical parameters of the herbicide 

contaminated soils sampled during this research indicate that pH of the soil 

samples generally ranged from 6.26 to 8.00. This ranged is quite close to neutrality 
and would permit growth of a wide variety of microbial species. This result is 

similar to that of Rohilla and Salar (2012) who reported that a pH range of 6.20 to 

8.50 is required for optimal microbial activity. Moisture contents of the soil 
samples ranged from 32 to 42% whereas Frazar (2000) reported that an optimum 

moisture content of 30 to 90% is required for biodegradation. The moisture content 

of the soils contaminated with herbicide can be attributed to the seasonal factor as 
sampling was done during rainy season. It could also be due to anthropological 

factors as these sites were agricultural farms and irrigation is being carried out to 

supplement rainfall. The colour of soil samples ranges from brown to black, with 
variation in pH between 6.20 and 8.00. The temperature of the soil was high (30.2 

– 31.1ºC) with great variation in percent moisture content, organic matter ranges 

from 47.81 to 60.67%. The results revealed that the soil samples obtained from 

various sites shown heterogeneity in physicochemical parameters. Soil properties 

like organic matter and moisture content affect the density and diversity of 

microbes in the soil (Rohilla and Salar, 2012). The moisture content in soil acts 
as solvent and is essential for microbial functioning. A certain minimum level of 

organic matter and moisture content is essential to ensure the presence of an active 

microbial population in the soil. 
Microbial analysis of herbicide contaminated soils yielded viable bacterial counts 

for all bacterial isolates used ranging from 2.33 x 108 to 1.1 x 105. These bacterial 

populations were generally more in soil than fungal population as reported by 
Baxter and Cummings (2008). Bacterial isolates from herbicide contaminated soils 

are known to be indigenous soil flora. Herbicide contaminated soils would have 

altered characteristics and population of microorganisms when compared to 
uncontaminated soils. The chief difference would be in the amount of oxygen and 

microbial population due to the fact that oxygen would be used up during the 

process of degrading the herbicide and the metabolites released could lyse other 
microorganism which decreases microbial population. However, some of these 

microbes might not have the ability to grow in the presence of these xenobiotic 

chemicals used for herbicide. 

The principle of biodegradation is based on the premise that the biodegrading 

organism is capable of utilizing the chemical compound, in this case, herbicide as 

a source of carbon. The herbicide then becomes the carbon source that fuels the 
organisms metabolism and as the organism carries out it metabolic processes, the 

herbicide is metabolized into products with relatively lesser toxicity or totally 

harmless products. 
Biodegrading organisms have genetic composition that makes them versatile 

enough to utilize herbicide as a carbon source. This ability might be total or partial 

dependent upon the ability of the organism to synthesize and utilize certain 
enzymes pathways. 

A total of thirteen bacterial isolates namely: Pseudomonas putida, Bacillus 

pumilus, Micrococcus sp., Arthrobacter sp., Lysinibacillus fusiformis, Aeromonas 
sp., Bacillus cereus, Flavobacterium sp., Acinetobacter rhizoshaerae, 

Ochrobacterium anthropi, Achrobacterium sp., Bacillus safensis, and 
Achromobacter sp. were isolated. The study by Munees and Khan (2011) revealed 

that all the rhizobacterial strains generally tolerated the herbicides, glyphosate, up 

to 3000 µg mL. All bacterial isolates seemed to be evenly distributed in their 
occurrence in the soils sampled with Bacillus safensis and Lysinibacillus fusiformis 

having 85% occurrence. Report of isolation of Bacillus spp. in herbicide 
contaminated soils and their biodegradation abilities are new, however, the 

available report of isolation of Bacillus spp. in herbicide contaminated soils and its 

ability to degrade herbicide was the one reported by Rohilla and Salar (2012). 
It is not surprising that all the bacterial isolates upon cultivation in MSA 

supplemented with 0.1% (v/v) herbicide showed the growth of large member of 

bacteria. These bacteria are either capable of utilizing the herbicide as carbon 
source and survive the low toxic conditions of the herbicide (Munees and Khan, 

2011). This would hold true only if all other dependent variables such as optimal 

temperature, pH and concentrations of other nutrients are at favourable level. The 
bacterial isolates showed varying degree of ability to degrade the herbicide. This 

can be attributed to differences in the expression of necessary enzymes and 

metabolites that enables them to catalyze utilization of herbicide as carbon source. 
This conclusion was drawn directly from degree of growth of bacterial isolates on 

MSM supplemented with 3% of herbicide. Bacillus spp. has the highest frequency 

while Aeromonas sp. has the least frequency during the screening period. However, 
only Lysinibacillus fusiformis RB-21, Bacillus safensis U17-1, Bacillus pumilus 

GLB197 and Bacillus cereus M3 were used in actual biodegradation study in this 

research as our emphasis was their high frequency during the screening and also 
Bacillus spp. was a lesser known biodegrading organisms in a bid to spark research 

into the abilities of the organisms so as to broaden the net of research of the 

organism for the biodegradation of herbicide.  
Viable bacterial counts over the 21-day biodegradation period generally followed 

the typical bacterial growth curve for a batch culture with slight modification 

comprising of a lag, log/exponential, stationary and death/decline stage. A first 
glance at values of viable bacterial counts might suggest that a lag phase is missing 

however, it should be noted that the selected biodegrading organisms were 
inoculated into a seed inoculums and incubated for 48 hours prior to their 

inoculation into the bulk MSM supplemented with 2% (v/v) herbicide. Since the 

isolates were isolated from herbicide contaminated soil, it would be expected that 
they should not require any acclimatization period, contrastingly, this model would 

not hold as the soil microenvironment is essentially different from the laboratory 

artificial medium condition. Hence, an acclimatization period may not only be 
good but totally essential for the growth of the organisms in the medium. 

The log phase of these organisms lasted for 3 days, as between days 3 and 9, the 

peak of the growth curve was witnessed on the day 9 for Lysinibacillus fusiformis 

RB-21, Bacillus safensis U17-1 and Bacillus pumilus GLB197 while a steady 

decline occurs at day 12. This was unlike Bacillus cereus M3 whose peak was seen 

on day 3 and a sharp fall was witnessed on day 6 and subsequently risen on day 9 
before a steady decline on day 12. The stationary phases of these biodegrading 

isolates seem to be embedded in the early stage of the decline phase where the 

drops in viable counts were steady except for Bacillus cereus M3 used.  
Measurement of the changes in pH of MSB over a period of biodegradation 

revealed a steady but continues increase pH value between day 3 to 21 for all 

bacterial isolates. There was no significant change in pH between day 0 to 3 for 
Lysinibacillus fusiformis RB-21 and Bacillus safensis U17-1; a sharp decrease 

occurs between day 0 and day 3 for Bacillus cereus M3 and Bacillus pumilus 

GLB197. The plausible explanation for the fluctuation in pH values is that as 
microorganisms carry out their metabolic processes, metabolites which alter the 

pH values are released, which are higher in Bacillus cereus M3 and Bacillus 

pumilus GLB197 than Lysinibacillus fusiformis RB-21 and Bacillus safensis U17-
1. 

Changes in optical density of each bacterial isolates in MSM largely do not 

correspond to the observations made in viable population counts. Curve generated 

for optical density of all isolates between day 0 to day 3 showed a sharp rise over 

the period of biodegradation day and also a sharp and steady decrease for MSB 

samples was seen from day 6 to day 12, this further decrease to day 21. Absorbance 
values peaked for all bacterial isolates on day 3 and subsequently, a steady decline 

was recorded till day 21. 

During the past four decades, a large number of herbicides have been introduced 
as pre and post-emergent weed killers in many countries of the world. Since 

herbicides have effectively been used to control weeds in agricultural systems, 

farmers continue to realize the usefulness of herbicides and larger quantities are 
applied to the soil. But the fate of these compounds in the soils is becoming 

increasingly important where they could be leached (in which case groundwater is 

contaminated) or immobile and persist on the top soil (Ayansina et al., 2003). 
Herbicides could then accumulate to toxic levels in the soil and become harmful to 

microorganisms, plant, wildlife and man (Amakiri, 1982). There is an increasing 

concern that herbicides not only affect the target organisms (weeds) but also the 
microbial communities present in soils and these non-target effects may reduce the 

performance of important soil functions. These critical soil functions include 
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organic matter degradation, the nitrogen cycle and methane oxidation (Hutsch, 

2001). 

The increased use of herbicides in agricultural soils causes the contamination of 

the soil with toxic chemicals. When herbicides are applied, the possibilities exist 
that these chemicals may exert certain effects on non-target organisms, including 

soil microorganisms (Simon-Sylvestre and Fournier, 1979; Wardle and 

Parkinson, 1990). The microbial biomass plays an important role in the soil 
ecosystem where they fulfill a critical role in nutrient cycling and decomposition 

(De-Lorenzo et al., 2001). 

 

CONCLUSION 

 

Findings from this research showed that most of the indigenous soil microflora has 
biodegradative potential for glyphosate which its biodegradation product are 

neither harmful nor toxic, biodegradation is a better and much more attractive 

method of cleaning up herbicide contaminated soil in contrast to other conventional 
methods such as incineration and chemical methods which are very expensive and 

can create environmental problem. Biodegradation of herbicide by soil bacteria 

and other organisms is eco-friendly, most efficient and economical method of 
detoxification.  

In conclusion, Lysinibacillus fusiformis RB-21, Bacillus safensis U17-1, Bacillus 

cereus M3 and Bacillus pumilus GLB197 can be employed as potentially effective 
bacterial strains and environmentally safer alternative tools to protect the 

environment from the pollution of glyphosate containing herbicide.   
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