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Abstract 

The toxic effect of herbicide on some selected microbial populations from soil was investigated. Soil samples were 
collected from two unpolluted designated fields of Chukwuemeka Odumegwu Ojukwu University and later polluted 
with herbicides at different application rates (0.1 %, 0.2 %, 0.5 %, 1 % and 5 %) and periods using spraying method. 
Standard chemical processes were used for determining physico-chemical parameters of the soil while isolation, 
enumerating the population of the microorganisms and identification of the isolates were determined using standard 
microbiological methods. The result revealed that the soil samples are slightly acidic, sandy clay loam type, lower 
organic carbon content, higher total nitrogen and phosphorus contents and moderate water holding capacity. The 
isolates Pseudomonas aeruginosa, Bacillus vallismottis, Aeromonas hydrophila and Enterobacter clocea were selected 
using selective media and identified. Pseudomonas aeruginosa and Bacillus vallismottis had the least (zero CFU/g) and 
maximum population counts (10 x 107 CFU/g) during glyphosate exposure while Pseudomonas aeruginosa and 
Enterobacter clocea had the least (zero CFU/g) and maximum population counts (2.50 x 107 CFU/g) during 2, 4 - D amine 
exposure for 15 days, respectively. Thus, the application of glyphosate and 2, 4 - D amine herbicides on the soil have 
resulted into lower counts of the selected microbial groups. The inhibitions of their growths are dependent on 
concentration and exposure period, although 2, 4 - D amine had more inhibition than the glyphosate herbicide.  
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1. Introduction

Nigeria is a densely populated country. About 80% of people obtain their livelihood through agriculture or agricultural-
based industries. To meet the demand of this ever-growing population, the agricultural production needs to be 
increased, to which the use of herbicides with an objective to effectively eradicate crop destroyers, becomes imperative 
[1]. Herbicides are defined as any substance, individually or in mixtures, whose function is to control, destroy, repel or 
mitigate the growth of weed in a crop [2]. Herbicides in their natural state may be solid, liquid, volatile, non-volatile, 
soluble or insoluble; hence these have to be made in form suitable and safe for their field use. An herbicide formulation 
is prepared by the manufacturer by blending the active ingredient with substances like solvent, surfactants, sticker and 
stabilizer to allow mixing, dilution, application and stability [3]. 

In Nigeria, herbicides have since effectively been used to control weeds in agricultural systems. As farmers continue to 
realize the usefulness of herbicides, larger quantities are applied to the soil. But the fate of these compounds in the soils 
is becoming increasingly important since they could be leached, in which case groundwater is contaminated or 
immobile, and persist on the top soil. These herbicides could then accumulate to toxic levels in the soil and become 
harmful to microorganisms, plant, wild life and man. 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 organic matter degradation, the 
nitrogen cycle and methane oxidation [4, 5, 6].  
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Numerous studies have shown the effect of herbicides on soil micro-organism populations that ultimately affect the 
rates of decomposing labile, celluloses and recalcitrant like lignin, respectively, in a variety of ecosystems [1, 6, 7, 8]. 
Although, their accurate numbers are still not very clear mainly because of rapid changes in the populations [9, 10] but 
a healthy population of microorganisms can stabilize the ecological system in soil [9]. Thus, the changes in the 
population of these micro-organisms will affect the ability of the soil to regenerate nutrients to support plant growth 
[7]. Literatures abound on the inhibition of the test herbicides N- phosphonomethyl glycine (Glyphosate) and 2,4- 
dichlorophenoxyacetic acid (2, 4-D amine) on microbial populations but there is paucity of information on their 
toxicities to selected microbial populations such as Pseudomonas aeruginosa, Bacillus vallismottis, Aeromonas hydrophila 
and Enterobacter clocea as these organisms are known as biofertilizers which have wide applications in agriculture 
system of Nigeria. This study was designed to investigate the effect of two types of herbicides on microbial populations 
isolated from soil.  

2. Material and methods 

2.1. Study area 

Chukwuemeka Odumegwu Ojukwu University, Uli Campus was the sampling location for this study.  Uli is a town in 
Anambra State of the South east region of Nigeria, with a population density of about 250,000. The city is located East 
of the River Niger, and about 26 Km South East of Onitsha in Anambra State. It falls within the tropical rain forest region 

of Nigeria.  

 

Figure 1 Location of Study Site in the Map of COOU, Uli Campus, in Ihiala Local Govt Area, Anambra State. 

2.2. Herbicide selection 

The herbicides used in this study were obtained from an agricultural market in Onitsha, Anambra State. The herbicides 
are N- phosphonomethyl glycine (Glyphosate) and 2,4- dichlorophenoxyacetic acid (2, 4-D amine). These herbicides are 

among the common herbicides used by the local farmers in the study area for their agricultural practices. 
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2.3. Soil treatment 

The soil treatment was carried out using the modified method of Sebiomo et al. [6]. Six (6) points on the two fields were 
mapped out for five different treatments and controls for the two herbicides previously described. The percentage of 
herbicide treatment given to these points are: 0.1, 0.2, 0.5, 1 and 5 %, respectively. These treatments lasted for a period 

of 15 days. The herbicides were applied by the spraying technique with the aid of a local sprayer. 

2.4. Soil sample collection 

By adopting the modified method of Sebiomo et al. [6], the soil samples were collected before and after herbicide 
treatments from different points within two fields in Chukwuemeka Odumegwu Ojukwu University between 11 am to 
12 am each collection day at a depth of 5 cm. All samples were collected using sterile soil auger. Samples were kept in 
sterilized 100 ml beakers, and labeled accordingly. The samples were transported to the Microbiology Laboratory of 
Chukwuemeka Odumegwu Ojukwu University and were immediately analyzed for their physicochemical and 
microbiological properties. 

2.5. Physicochemical analysis of the soil sample 

The following parameters such as pH, soil particle analysis, total organic carbon (TOC), nitrogen, phosphorus and water 
holding capacity were analyzed for the natural untreated soil by adopting the standard methods of APHA [11] and AOAC 
[12]. 

2.6. Baseline determination of treated soil 

The baseline analysis of the selected microbial populations was carried out on the non -herbicide treated soil [13, 14]. 

2.7. Microbial analysis 

2.7.1. Serial dilution and isolation 

The selected bacteria groups were isolated and enumerated from the treated soil samples using Nutrient agar, Cetrimide 
agar, Ryan agar, and Eosin Methylene Blue agar. A tenfold serial dilution of the sample was carried out by adding 1 g of 
soil sample aseptically into test tubes containing 9 ml of distilled water labeled 10 -1 to 10 -10. Dilution factor of 107 was 
used with the aid of a sterile pipette in a repeated manner. With another sterile pipette, 0.1 ml aliquots of the appropriate 
dilution were spread plated on the surfaces of the sterile solidified media in duplicate with the aid of a glass spreader. 
Precisely, 10-7 dilutions were spread plated. The spreader was disinfected after each successive spreading by dipping it 
in 70 % ethanol and then passing it through flame of a Bunsen burner. The inoculated plates were sealed with adhesive 
tape to prevent contamination and then incubated at room temperature for 18 - 24 h. After incubation, colonies were 
counted using a colony counter [13, 14]. 

2.7.2. Bacterial characterization and identification 

The bacterial isolates were characterized based on cultural characteristics, staining reactions and biochemical 
reactions. Identification was thereafter carried out through DNA isolation, polymerase chain reaction, gel 
electrophoresis, sequencing and blasting [13, 15]. 

2.8. Statistical management 

The results were considered statistically significant if the threshold value P < 0.05. Ordinary two factors analysis of 
variance (ANOVA) was adopted for analysis of mean between groups of treatment followed by post Turkey’s multiple 
comparism test using GraphPad Prism Statistical software version 7.00 (Graphpad Software Inc. San Diego CA). 

3. Results and discussion 

The result of the physicochemical profile of the untreated soil sample to ascertain soil type, total organic carbon, 
percentage nitrogen, phosphorus and water holding capacity is presented in Table 1. From the result, field A had the 
highest pH, moisture content, percentage sand and silt of 5.00, 14.00 %, 65.56 %, 22.76 % and sandy loam sediment 
type while field B had the highest percentage clay, total organic carbon, total nitrogen, phosphorus, water holding 
capacity of 25.64 %, 0.16 %, 4.62 %, 12.0 mg/kg, 55.32 % and sandy clay loam as sediment type. The result in Table 1 
revealed the soil samples are slightly acidic, low moisture content, sandy clay loam type, lower organic carbon, higher 
total nitrogen and phosphorus contents and moderate water holding capacity.  
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Table 1 Physicochemical profile of untreated soil samples 

Parameter Field A Field B 

pH 5.00 4.50 

Soil particle size (%)   

Sand 65.56 50.09 

Silt 22.76 16.26 

Clay 11.68 25.64 

Soil type Sandy loam Sandy clay loam 

Moisture content (%) 14.00 10.00 

TOC content (%) 0.13 0.16 

Nitrogen content (%) 3.36 4.62 

Phosphorus content (mg /kg) 7.18 12.1 

W H C (%) 44.92 55.32 

Key: Field A = Glyphosate untreated soil; Field B = 2,4-D amine untreated soil; TOC = Total organic carbon; WHC = Water holding capacity 
 

In the present study, four (4) different species of bacteria that are soil friendly and improve soil health were isolated 
from the soil and the result of the baseline features of population of the selected microbial groups of the non - herbicide 
treated soil is presented in Table 2. From the results, field A had the highest count of Bacillus vallismottis and 
Enterobacter clocea with 13.00 x 107 CFU/g and 3.0 x 107 CFU/g while field B had the highest counts of Pseudomonas 
aeruginosa and Aeromonas hydrophila with 1.8 x 107 CFU/g and 8.00 x 107 CFU/g, respectively. The result in Table 2 
revealed that the soil samples are reservoirs of the selected microbial groups as these organisms have been recognized 
as agriculturally important microbes and have been implicated for their plant growth stimulating capabilities. Previous 
studies by Devi and Sumathy [16] and Ogbo and Odo [17] reported that these microbes as important biofertilizers for 
crop cultivation, safeguarding the soil health and improving the quality of crop products. 

Table 2 Baseline features of population of the selected microbial groups of the non - herbicide treated soil 

Organisms Field A Field B 

Bacillus vallismottis 13.00 12.50 

Pseudomonas aeruginosa 1.40 1.80 

Enterobacter clocea 1.10 8.00 

Aeromonas hydrophila 3.20 1.80 

Key: Field A = Glyphosate untreated soil; Field B = 2,4-D amine untreated soil. 
 

The results of the growth response of Bacillus vallismottis, Pseudomonas aeruginosa, Aeromonas hydrophila and 
Enterobacter clocea to glyphosate and 2,4 - D amine exposure after 15 days of treatment ((CFU/ g x107) are presented 
in Tables 3 – 10. From the result, Pseudomonas aeruginosa and Bacillus vallismottis had the least (zero CFU/g) and 
maximum population counts (10 x 107 CFU/g) during glyphosate exposure while Pseudomonas aeruginosa and 
Enterobacter clocea had the least (zero CFU/g) and maximum population counts (2.50 x 107 CFU/g) during 2, 4 - D amine 
exposure for 15 days. Moreso, Bacillus vallismortis had more growth in all the five concentrations while Pseudomonas 
aeruginosa had no growth in all the concentrations on day 15 on both glyphosate and 2,4-D herbicides. The results in 
Tables 3 – 10 generally revealed that there was remarkable decrease in population counts as the days of treatment 
advanced. The population counts could be said to be concentration dependent. Comparatively, 2,4 - D amine herbicide 
seems to have greater inhibition effect than glyphosate. The reasons for these decreases could be due to toxicity effects 
and the adsorption of the herbicides in soil or because the soil microorganisms were not fully adapted to the herbicide 
itself.  Statistically, significant differences (P < 0.05) exist between the concentrations and days of treatment for each 
selected microbial group further proving that concentration and exposure period inhibited the growth of the selected 
microbial groups. The results corroborate with the publication of Zain et al. [7] who reported that the growth inhibition 
of bacteria showed an increasing trend with increased herbicide concentrations, and the microbial population showed 
different degree of sensitivity to the herbicide compounds at different sampling dates (exposure periods). Sebiomo et 
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al. [6] reported that herbicide treatment had high significant effect on bacterial count (P < 0.001). The interaction 
between the herbicides and the weeks of herbicide treatment also resulted to high significant effect on bacterial count 
(P < 0.001). The weeks of herbicide treatment followed similar trend as stated above (P < 0.001). Ayansina and Oso [18] 
discovered that higher concentrations of herbicides treatments resulted in much lower microbial counts when 
compared to soils treated with recommended doses. The observations of these authors validate the findings in this 
study. 

Table 3 Growth response of Bacillus vallismottis to glyphosate exposure after 15 days of treatment ((CFU/ g x107) 

Day                                        Herbicide concentration (%) 

                                0.1                     0.2                       0.5                        1.0 

 

5.0 

 

Control 

1 17.50 13.10 11.00 7.50 3.30 20.04 

3 14.80 10.00 9.00 5.30 4.00 20.10 

6 11.20 8.60 7.80 4.80 3.40 21.20 

9 8.10 5.70 9.20 5.00 5.20 19.40 

12 11.90 10.50 10.00 9.00 8.40 18.90 

15 4.80 10.00 4.30 3.50 3.00 19.80 

Key: Day 1 analysis is immediately after herbicide application 
 

Table 4 Growth response of Pseudomonas aeruginosa to glyphosate exposure after 15 days of treatment ((CFU/ g x107) 

Day Herbicide concentration (%) 

0.1                 0.2                0.5               1.0                5.0 

 

Control 

1 1.40 1.00 0.60 0.50 0.50 12.30. 

3 1.40 1.00 0.80 3.30 4.00 12.30 

6 4.30 6.00 3.50 3.20 0.60 11.90 

9 1.30 0.90 0.90 0.70 0.50 12.40 

12 1.10 0.70 0.40 0.30 - 12.35 

15 - - - - - 12.30 

         Key: Day 1 analysis is immediately after herbicide application; - indicates no growth 
 

Table 5 Growth response of Enterobacter clocea to glyphosate exposure after 15 days of treatment ((CFU/ g x107) 

Day Herbicide concentration (%)  

 0.1 0.2 0.5 1.0 5.0 Control 

1 9.80 8.50 8.20 8.00 6.10 14.60 

3 8.00 7.10 7.00 6.40 5.90 16.80 

6 4.10 2.70 2.20 1.10 0.20 15.30 

9 4.90 4.50 2.00 1.70 0.40 14.90 

12 3.70 2.60 2.00 1.60 1.10 15.00 

15 2.00 1.40 0.90 0.50 0.20 16.10 

Key: Day 1 analysis is immediately after herbicide application 
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Table 6 Growth response of Aeromonas hydrophila to glyphosate exposure after 15 days of treatment ((CFU/ g x107) 

Day Herbicide concentration (%)  

 0.1 0.2 0.5 1.0 5.0 Control 

1 4.00 2.30 2.10 1.50 0.30 12.70 

3 3.00 1.80 0.80 0.60 0.40 14.10 

6 3.20 1.60 1.80 0.80 1.40 13.90 

9 2.10 1.70 1.20 0.90 0.20 13.10 

12 1.90 10.50 10.00 9.00 8.40 14.00 

15 1.70 0.90 0.60 0.50 0.20 13.40 

Key: Day 1 analysis is immediately after herbicide application 
 

Table 7 Growth response of Bacillus vallismottis to 2, 4 – D amine exposure after 15 days of treatment ((CFU/ g x107) 

Day Herbicide concentration (%)  

 0.1 0.2 0.5 1.0 5.0 Control 

1 21.20 12.00 10.10 7.90 6.00 20.04 

3 14.80 11.40 10.10 8.30 7.20 20.10 

6 6.90 5.60 5.40 4.20 3.30 21.20 

9 5.10 4.70 3.20 1.90 0.20 19.40 

12 4.30 4.00 3.30 3.50 3.00 18.90 

15 1.70 1.90 1.60 0.60 0.20 19.80 

Key: Day 1 analysis is immediately after herbicide application 
 

Table 8 Growth response of Pseudomonas aeruginosa to 2, 4 – D amine exposure after 15 days of treatment ((CFU/ g 
x107) 

Day Herbicide concentration (%)  

 0.1 0.2 0.5 1.0 5.0 Control 

1 10.10 8.00 7.10 5.00 4.00 12.10 

3 9.80 7.40 6.10 3.30 1.20 12.30 

6 1.90 1.50 1.10 1.10 0.70 11.90 

9 1.80 0.80 0.70 0.50 0.50 12.40 

12 0.80 0.40 0.40 0.40 - 12.35 

15 - - - - - 12.30 

Key: Day 1 analysis is immediately after herbicide application; - indicates no growth 
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Table 9 Growth response of Enterobacter clocea to 2, 4 – D amine exposure after 15 days of treatment ((CFU/ g x107) 

Day Herbicide concentration (%)  

 0.1 0.2 0.5 1.0 5.0 Control 

1 10.80 9.70 7.30 5.50 3.00 14.60 

3 8.80 7.40 5.10 3.30 2.20 16.80 

6 8.20 6.70 3.80 3.00 2.40 15.30 

9 3.90 3.20 2.10 1.50 0.50 14.90 

12 3.10 1.60 1.20 0.80 0.20 15.00 

15 2.50 1.50 1.00 0.40 0.20 16.10 

Key: Day 1 analysis is immediately after herbicide application 
 

Table 10 Growth response of Aeromonas hydrophila to 2, 4 – D amine exposure after 15 days of treatment ((CFU/ g 
x107) 

Day Herbicide concentration (%)  

 0.1 0.2 0.5 1.0 5.0 Control 

1 2.80 1.70 1.50 8.50 0.50 12.70 

3 1.50 1.20 0.80 0.30 0.30 14.10 

6 0.90 0.70 0.70 0.70 0.40 13.90 

9 1.70 1.20 1.10 1.50 0.50 13.10 

12 2.10 1.80 1.70 1.50 0.90 14.00 

15 1.90 1.80 1.60 1.20 0.50 13.40 

Key: Day 1 analysis is immediately after herbicide application 
 

The results of the colonial morphology, biochemical and molecular features of the selected bacterial isolates are 
presented in Table 11 -13. From the results, the colour, margin, elevation, optic and surface colonial characteristics of 
the bacterial isolates are regular, creamy/greenish/purple pink, convex/entire, raised/flat, opaque/translucent and 
smooth/wavy. Most isolates were catalase, oxidase, indole, citrate, motility, hydrogen sulphide, methyl red, Voges 
Proskauer, glucose, sorbitol and fructose positive but negative to inositol sugar. The predominant cell morphology and 
arrangement are Gram-negative rod-shaped bacteria. All the isolates except D had 100 % similarity to their closest 
relative in the GenBank. In general, Bacillus vallismottis is Gram positive, rod-shaped and forms creamy round, raised 
and transparent colonies. It is also positive to spore staining, citrate, motility, glucose, sucrose, maltose, mannitol, 
lactose, but negative to oxidase, indole and H2S. Pseudomonas aeruginosa is Gram negative, irregular, rod-shaped and 
forms green, opaque and smooth colonies. It is also catalase, oxidase, indole, citrate, motility and H2S positive, but 
negative to spore staining, glucose, sucrose, lactose and maltose. Aeromonas hydrophila is Gram negative, rod- shaped, 
and forms greenish dark, round, raised, opaque, smooth colonies with dark centers. It is also positive to lactose, oxidase, 
catalase, indole, mannitol, maltose, sucrose, but negative to spore staining. Enterobacter clocea is Gram negative rod- 
shaped, and forms purple pink, raised, translucent, smooth colonies. It is positive to catalase, citrate, motility, maltose, 
mannitol, glucose, sucrose, lactose, but negative to spore staining, oxidase, indole and H2S. Devi and Sumathy [16] 
reported that Gram-negative rod-shaped are the dominant bacterial group used as biofertilizers, while the study by 
Wesley et al. [1] reported that most of the isolates that were sensitive the agrochemicals toxicity were Bacillus spp., 
Micrococcus spp., Staphylococcus spp. and Corynebacterium spp. 
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Table 11 Colonial morphological features of the selected bacterial isolates 

Isolate Colour Shape Margin Elevation Optic Surface 

A creamy round convex raised transparent wavy 

B green irregular entire flat opaque smooth 

C dark green round entire flat opaque smooth 

D purple pink round entire raised translucent smooth 

Key: A = Bacillus vallismottis; B = Pseudomonas aeruginosa; C = Aeromonas hydrophila and D = Enterobacter clocea. 
 

Table 12 Biochemical features of the selected bacterial isolates 

Parameter A B C D 

Catalase + + + + 

Oxidase + + - + 

Indole + + + + 

Citrate + + + + 

Motility + + + + 

H2S + + + + 

MR test + + + + 

VP test + + + + 

Glucose + + + + 

Xylose - + + + 

Sorbitol + + + + 

Fructose + + + + 

Inositol - - - - 

Key: A = Bacillus vallismottis; B = Pseudomonas aeruginosa; C = Aeromonas hydrophila and D =Enterobacter clocea; + = Positive; - = Negative; MR = 
Methyl red; VP = Voges Proskauer; H2S = Hydrogen sulphide production. 

 

Table 13 Molecular features of the selected bacterial isolates 

Isolate     Maximum     
score 

Total 
score      

Query 
cover 

 E value       Accession          Description               Strain 

A             1475             1475          100%        0.0          AB681417         B. vallismottis             Strain NBRC 101236 

B             2206              2206        100%         0.0          LT883143         P. aeruginosa           Strain NN2 

C 3232              4895 100%        0.0           KT315926        A .hydrophila              Strain AH227 

D            3650             4824           99%        0.0       LOMM00000000    E. clocea               Strain SENG-6 

4. Conclusion 

This study has revealed that the natural untreated soil samples contain abundant populations of Bacillus vallismottis, 
Pseudomonas aeruginosa, Aeromonas hydrophila and Enterobacter clocea. The application of glyphosate and 2, 4 - D 
amine herbicides on the soil have resulted into lower counts of the selected microbial groups. The inhibitions of their 
growths are dependent on concentration and exposure period, although 2, 4 - D amine had more inhibition than the 
glyphosate herbicide.  
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