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 In agriculture, weed control through chemical herbicides, creates spray drift hazards 

and adversely affects the environment. The search for an alternate method for the 

degradations of herbicides through the use of bacteria which is eco-friendly for the 

bioremediations of herbicides contaminated soil. This study aimed at assessing the 

biodegradation of glyphosate and paraquat herbicides by bacteria isolated from soil. 

Soil samples were collected from Research Farm of National Root Crops Research 

Institute, Ginger Station, Kajuru, Kaduna State, Nigeria. Bacteria were isolated and 

identified based on colonial and biochemical characteristics. The assessment for the 

potential of the bacterial isolates to degrade glyphosate and paraquat herbicides was 

carried out using microcosms study. The bacterial isolates were phenotypically identified 

as Proteus sp., Acidovorax sp., Micrococcus sp., Staphylococcus aureus, Bacillus sp. and 

Aeromonas sp. Among the isolates, Acidovorax sp. and Aeromonas sp. had the highest 

potential to utilize glyphosate and paraquat as sole source of carbon. In the presence of 

glyphosate Acidovorax sp. and Aeromonas sp. had cells count of 1.30×108cfu/g and 

1.90×108cfu/g respectively. However, in the presents of paraquat as a source of carbon 

Acidovorax sp. and Aeromonas sp. had the counts of 1.90×107cfu/g and 2.60×106cfu/g 

respectively. The quantifications of glyphosate and paraquat herbicides residues in 

amended soil using GC/MS shows that Acidovorax sp. have degraded 77.1% while 

Aeromonas sp.  88.1% of glyphosate. However, Acidovorax sp. degraded 51.5% while 

Aeromonas sp. 59.8% of paraquat. This study showed that Acidovorax sp. and 

Aeromonas sp. had the potential to degrade glyphosate and paraquat herbicides. 
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INTRODUCTION 

Herbicides are chemical substances or preparations designed to kill or inhibit the growth of plants, especially weeds. Herbicides are 

commonly used to control weeds in crop production. In addition, herbicides influence soil microorganisms responsible for numerous 

biological processes and crop production (Saleh, et al., 2020). However, excess use of herbicides in agricultural soils could 

contaminate the soil with toxic chemicals. When herbicides are applied, it is possible that certain chemicals may exert significant 

effects on non-target organisms such as soil bacteria (De-Lorenzo et al., 2001). Herbicides such as glyphosate and paraquat become 

incorporated in to soil directly during weed control and indirectly via water or residues of plant and animal origin. After applications, 

herbicides may evaporate (volatilize) and be washed away through surface run-offs or leached into deep soil strata (Kortekamp, 2011). 

Cost effective treatment and removal of such environmental pollutants become an essential part of environmental remediation. Some 

commonly employed methods toward the removal of glyphosate and paraquat herbicides residues from the soil include, chemical 

oxidation, photo oxidation, sorption, volatilization, leaching and biodegradation (Bogen et al., 2008).  
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Biodegradation is considered to be a cheaper, environmentally eco- friendly process involved in the remediation of glyphosate and 

paraquat contaminated soil (Yuan et al., 2002). The use of bacteria in the clean-up of the environment is the most suitable, non –toxic, 

economical and easy to carry out (Prakash and Irfan, 2011). Biodegradation is the process by which organic substances are broken 

down into smaller compounds by living microorganisms (Marinescu et al., 2009).  Biological decontamination methods are preferable 

to conventional approaches because in general, microorganisms degrade numerous environmental pollutants without producing toxic 

intermediates (Olawale et al., 2011). Many bacteria that are able to degrade glyphosate and paraquat herbicides have been isolated 

from soil around the World (Desaint et al., 2000). 

MATERIALS AND METHODS 

Sampling Site and Collection  

Soil samples were collected from Ginger Research Farm at the National Root Crops Research Institute, Maro, Kajuru Local 

Government Area of Kaduna State Northwestern Nigeria. The farm is located at Iburu along Kachia road 20 Km away from Kajuru 

town. Kajuru local government area is located on longitude 9º 59'N and 10º 55'N and latitude 7º 34'E and 8º 13'E with an area of 

2464km2 (GIS, 2021). The soil sampling was started 3m away from the entrance of the farmland. The soil samples were collected 

every 50m inside clean polythene bags. The soil samples were collected from four different sites using soil corer at a depth of 20cm. 

To ensure a fair representation of soil sample, the soil samples were collected in triplicate. The soil samples were transported to the 

Microbiology Research Laboratory of Bayero University, Kano for further analysis. In line with standard procedures as described by 

Dem (2007), the samples were air-dried and sieved through a pore size of 0.5mm brass sieve and stored at ambient temperature until 

further analysis (Dem, 2007). 

The herbicides were purchased from a local agricultural dealer store in Kaduna. The herbicides are Paraquat and Glyphosate 

(Paraeforce and Force up respectively) and were identified and authenticated by comparing it with glyphosate and paraquat standard at 

the Department of Quality Assurance of the National Root Crops Research Institute, Umudike; Abia State, Nigeria.  Paraquat contains 

276g paraquat dichloride (200g paraquat ion) per litre. The Force up contains 360g glyphosate per litre in the form of 480 Grams per 

litre isopropylamine salt of soluble liquid (SL).  

Isolation and Identification of Isolated Bacteria from Soil Samples 

The isolates obtained from the soil by repeating sub culture of the bacterial colonies were identified using morphological, biochemical 

test and Molecular identifications (Todar et al., 2005).  

Assessment of the Potential of the Isolated Bacteria to Degrade Glyphosate and Paraquat Herbicides 

These were assessed in the laboratory using soil microcosm experiment (Pal and Das Gupta, 1994). Bacterial isolate obtained from 

pure culture were screened by inoculating the different bacterial isolates on a prepared solid mineral salt medium (MSM) enriched 

with 0.1% each of glyphosate and paraquat herbicides and incubated for 24 to 120 hours. The colonies were counted and isolates that 

recorded highest number of cells were considered for the assessment. Soil samples were collected and sterilized using autoclave at 

121°C for 15 minutes. Soil samples (100g) was weighed into 500ml tapered bottles. A test soil in each tapered bottle was spiked with 

glyphosate and paraquat herbicides at a concentration of 6 mg kg-1 each and a control without herbicides. Five milliliters (5ml) 

suspension of a screened bacterial isolates equivalent to 0.5 Macfarland standard turbidity was added in to the respective bottles. A 

sterile distilled water was added to adjust to 60% water holding Potential (WHC) in each bottle. The experiment was monitored for a 

period of five weeks at a controlled temperature of 37 °C. Soil moisture contents was measure and maintain to constant weight by 

adding an appropriate amount of distilled water weekly (Pal and Das Gupta, 1994). At the expiration of five weeks of incubation, the 

soil (test soil) was taken for GCMS analysis for quantification of glyphosate and paraquat herbicides residues at Department Of 

Chemistry, Yobe State University, Damaturu. 

Extraction of Glyphosate and Paraquat Herbicides Residues from Herbicides Amended Soil 

One gram (1g) of glyphosate herbicide contaminated soil sample was extracted with 10mL of acetonitrile. The mixture was mixed at 

high speed using vortex mixer for 1min. Exactly 0.1 g of NaCl and 0.2g of activated anhydrous MgSO4 were added to the mixture, 

and mixing continued for an additional 60 seconds. The mixture was centrifuged for 5 minutes at 5000 rpm. The supernatant was 

transferred to a 15 mL tube containing 2g MgSO4. After shaking for 1minute and centrifuged for 5min at 5000 rpm, 4mL of the 

supernatant was transferred to a 5mL vial and evaporated to dryness. The residue was reconstituted by acetonitrile to obtain 1mL 

solution, and after shaking for 3minutes, 2μL of the solution was analyzed using gas chromatograph to determine the residues of 

glyphosate herbicide (Karyn and Ronald, 2012). Similar treatment was done for the paraquat amended soil sample. 

GC/MS Analysis of Glyphosate and Paraquat Herbicides Residues from Contaminated Soil and the Ginger Rhizomes 

Two microliters (2μL) of each of the solution (extracts) were injected separately into gas chromatograph to determine the herbicides 

residues. The GC/MS was equipped with helium as the carrier gas at a constant flow of 1 mL/minute. The oven initial temperature 



Proceedings of the First Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria 

258 

 

setting was 80°C for 3 minutes then ramped at the rate of 15°C/minute to 290°C and held for 5 minutes. Injection port was adjusted at 

250°C and split less injection mode was used. After acquisition of the total ion chromate gram for the mixed stock standard solutions 

in scan mode, peaks were identified by their retention time and mass spectra. The most abundant ion that showed no evidence of 

chromatographic interference and had the highest signal-to-noise ratio was selected for quantification purposes (Karyn and Ronald, 

2012). 

RESULTS  

The potential of the isolated bacteria to degrade glyphosate and paraquat and use it as carbon and energy source for the increases in 

bacterial populations were presented in Table 1. The two bacteria (Acidovorax sp. and Aeromonas sp.) were found to have the highest 

potential ability to utilized glyphosate and Paraquat herbicides as carbon source. Acidovorax sp. and Aeromonas sp. shows cells count 

of 1.30×108cfu/g and 1.90×108cfu/g respectively in the presents of glyphosate while Proteus sp. (2.30×106cfu/g), Micrococcus sp. 

(1.40×106cfu/g), Bacillus sp. (1.20×106cfu/g) and Staphylococcus sp. (1.11×106cfu/g). However, in the presents of paraquat as a 

source of carbon Acidovorax sp. and Aeromonas sp. has the counts of 1.90×107cfu/g and 2.60×106cfu/g respectively as shown in table 

1. 

Table 1. Potentiality of the Isolated Bacteria to Utilize Glyphosate and Paraquat Herbicides for    Growth                                                                                                                     

Bacteria                   Glyphosate Herbicide      Paraquat Herbicide  

Proteus sp. 2.30×106cfu/g 1.10×105cfu/g 

Acidovorax sp. 1.30×108cfu/g 1.90×107cfu/g 

Micrococcus sp. 1.40×106cfu/g 1.80×105cfu/g 

Bacillus sp. 1.20×106cfu/g 1.70×105cfu/g 

Staphylococcus sp. 1.11×106cfu/g 2.90×105cfu/g 

Aeromonas sp.   1.90×108cfu/g 2.60×106cfu/g 

Glyphosate residues in soil and their percentage degradations by the bacterial isolates is presented in Table 2. The results reveals that, 

the highest percentage degradations was recorded in treatment B (Soil + Glyphosate + Aeromonas sp.) with percentage value of 88.1% 

while treatment A (Soil + Glyphosate + Acidovorax sp.) and C (Soil + Glyphosate + Acidovorax sp. + Aeromonas sp.) were 77.1% and 

70.6% respectively. The D (Control) soil had percentage value of 11.9% only (Table 2.).  

Table 2. Percentage Degradation of Glyphosate Herbicide 

Treatments Initial 

concentration 

(6mg/kg) 

Final 

concentration 

(6mg/kg) 

Percentage 

degradation (%) 

A 0.109 0.025 77.1 

B 0.109 0.013 88.1 

C 0.109 0.032 70.6 

D (Control) 0.109 0.096 11.9 
 Key:A= Soil + Glyphosate + Acidovorax sp., B= Soil + Glyphosate + Aeromonas sp., C= Soil + Glyphosate + 

Acidovorax sp. and Aeromonas sp. And D= Soil + Glyphosate (Control) 

 
Paraquat resdues in soil and their percentage degradations by bacteria (Acidovorax sp. and Aeromonas sp.) were assessed. The highest 

percentage degradations was recorded in treatment C (Soil + Paraquat + Acidovorax sp. + Aeromonas sp.) with values of 61.9% and 

the control treatment D (Soil + Paraquat) had the least percentage degradation (8.2%) (Table 3.).  

Table 3. Percentage Degradation of Paraquat Herbicide  

Treatments:      Initial 

concentration 

(6mg/kg) 

Final concentration 

(6mg/kg) 

Percentage degradation 

(%) 

A 0.097 0.047 51.5 

B 0.097 0.039 59.8 

C 0.097 0.037 61.9 

D (Control) 0.097 0.089 8.2 
Key: A= Soil + Paraquat + Acidovorax sp., B= Soil + Paraquat + Aeromonas sp., C= Soil + Paraquat + Acidovorax 

sp. and Aeromonas sp. And D= Soil + Paraquat (Control) 
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DISCUSSION 

Biodegradation is the process by which organic substances are broken down into smaller compounds by living microorganisms 

(Marinescu et al., 2009). The use of bacteria in the degradation and detoxification of many toxic xenobiotics, especially glyphosate 

and paraquat herbicides, is an efficient tool for the decontamination of polluted sites in the environment (Mohammed, 2009). 

Glyphosate and paraquat herbicides used in this research show an effects on growth and development of Acidovorax sp. and 

Aeromonas sp. The highest increase in bacterial counts was observed in the presence of glyphosate when compared with the paraquat. 

Glyphosate was reported to be less toxics than paraquat due to the presence of phosphate group in their structural formular while 

paraquat contains ammonium compound. According to Carlisle and Trevors (1988), glyphosate and paraquat can either stimulate or 

inhibit soil microorganisms depending on the soil type, herbicide concentration and environmental conditions. In relation to 

degradation of herbicides, it was observed that, the highest degradations was recorded in glyphosate using Aeromonas sp. in 

comparison with paraquat. This might be due to the fact that glyphosate was observed to be less toxic than paraquat to the bacterial 

cells and this findings were supported by other studies (Turkington, et al., 2001; Wyss and Muller-Scharer, 2001; Anderson and 

Kolmer, 2005). However, few studies contradicts this result (Wardle and Parkinson, 1990; Busse et al., 2001; Weaver et al., 2007).  

This finding is in line with Isenring (2006) that paraquat inhibit several microorganisms in soil. They reported that paraquat could 

inhibit a great number of cellulolytic microflora and that might cause injurious effects to symbiotic, anaerobic and nitrogen fixing 

microorganisms. Paraquat is also known to be bounded strongly and coherently to soil components, including clay minerals and 

organic matter and therefore these limits the access of microorganisms to paraquat in soil water (Bromilow 2003; Isenring, 2006). 

Thus, adsorption of paraquat to soil rapidly decreases the bioavailability of the herbicide in the soil environment and demonstrated the 

capability of adsorption process to deactivate hundreds or even thousands of paraquat application over many soil types (Roberts, et al., 

2002). The sandy loam characteristics of the experimental soils might have reduced the binding of paraquat to soil components and 

thus increasing the availability of paraquat in soil water, and hence affecting the soil microorganisms significantly. Conclusively, thus, 

the bacteria (Aeromonas sp. and Acidovorax sp.) can be exploited for biodegradation of glyphosate and paraquat and should be further 

studies for their ability to degrade other classes of herbicides. 
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