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Abstract  
This study determined the abilities of indigenous microorganisms to utilise atrazine, xtravest, 
gramoxone and glyphosate as a carbon source and for their growth. Isolation of 
microorganisms was done using the spread plate method on the solid mineral salts medium 
with each herbicide added to separate plates. The plates were incubated at 30°C for 5 days for 
bacteria and at 30oC for 7days for fungi. B. subtilis, P. aeruginosa, P. florescences, P. putida, 
Aspergillus niger, A. tamarii, Fusarium oxysporum, and P. chrysogenum were isolated in all 
the herbicide treated soils. Bacillus subtilis recorded the highest optical density value of 1.401 
(logCFU/ml) on the 25th day and viable count value of 9.08 (log CFU/ml) (1.21×109 cfu/ml) 
on the 20th day during growth on glyphosate. F. oxysporum recorded the lowest pH of 4 in 
gramoxone on the 25th day of incubation and the highest count of 6.10×104 cfu/g on the 20th 
day during atrazine utilisation. B. subtilis, A. niger and F. oxysporum showed the best abilities 
to utilise the herbicides for growth and as carbon source. Indigenous microorganisms used in 
this study successfully utilised the herbicides as carbon source and for growth hence they could 
be used in bioremediation.  
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1. Introduction 

Herbicides are used to control weeds in modern 
agriculture. When herbcides are applied to the field, 
they control target weeds, as well as have potential 
residual impact in soil [1]. Varying toxicity of 
herbicides in soil may cause changes in microbial 
community structure and function, and concomitantly 
influencing soil health and ecosystem processes [1]. 
Microbes are also exposed to these herbicides over a 
period of time before breakdown by microbes and 
environmental factors [2].  

There are several mechanisms for the clean-up of 
herbicides in soils, such as chemical treatment, 
volatilization and incineration [3]. Chemical treatment 
and volatilization are very effective in herbicide clean 
up. However, in the long run large volumes of acids 
and alkalis, which are lethal to the living organisms in 
the environment are produced and subsequently must 
be removed. Incineration, which is a very reliable 
physical-chemical method for destruction of these 
compounds, has met serious public opposition, 
because of its potentially toxic emissions, and its 
elevated economic costs [4]. These physical-chemical 

cleaning technologies are costly and inefficient 
because the contaminated soil has to be moved to a 
storage area where it can be processed [5].  

As a result of environmental concerns associated with 
the accumulation of pesticides in food products and 
water supplies, it is very important to develop safe, 
convenient and cheap methods for pesticide removal 
[4]. Cosequently biological techniques involving 
biodegradation of organic compounds by 
microorganisms have been developed [6]. The use of 
microorganisms, either naturally occurring or 
introduced, to degrade pollutants is called 
bioremediation [7]. Fungi are generally more tolerant 
to high concentrations of polluting chemicals than 
bacteria [8]. Therefore, some fungi represent a 
powerful and important tool in soil bioremediation. 
Some species of fungi have already been used in 
bioremediation [9]. Glyphosate [N-
(phosphonomethyl) glycine, glyphosate], a post-
emergence nonselec¬tive broad-spectrum herbicide, 
and glyphosate-containing herbicides are the most 
extensively used herbicides in agriculture for the 
control of many annual and perennial weeds [10-11]. 
In some cases, glyphosate usage may threaten 
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agricultural production. Some studies have shown that 
glyphosate can be broken down by microorganisms 
and plants. Active glyphosate-degrading 
microorganisms have been isolated from soils polluted 
by organophosphonates [12]. Glyphosate is primarily 
decomposed by bacteria and fungi in the soil. Bacteria 
and fungi utilize glyphosate as carbon source, leading 
to the production of ami¬nomethylphosphonic acid, or 
as a phosphorus source, producing glycine [13]. 
Bacteria are the most versatile and diversified 
organisms as a result of their nutritional requirements 
[14]. İt is important to develop an affordable and 
environmentally friendly bioremediation method using 
glyphosate-degrading bacteria as a promising approach 
for cleans¬ing and restoring soils contaminated with 
this herbicide [15].  

Atrazine is a selective pre- and post- emergence 
herbicide providing knockdown and residual action. It 
has low rate of volatilization from soil and is 
moderately persistent (half life of ~60 days). It is more 
persistent in neutral and alkaline soils than in soils with 
low pH [16]. Atrazine is moderately mobile and can be 
leached through soils into groundwater [17]. 
Metolachlor is a selective herbicide used in the control 
of grassy weeds in the cultivation of corn, soybeans, 
peanuts, cotton and other crops. Metolachlor is often 
used in combination with other broadleaved herbicides 
(e.g. atrazine, metobromuron and propazine) to extend 
the spectrum of activity [18]. Hence this study 
determined the ability of indigenous microorganisms 
to utilise atrazine, xtravest (atrazine + metolachlor = 
xtravest), gramoxone and glyphosate as carbon source 
and for growth, which is a prerequisite for 
biodegradation and bioremediation of this herbicides 
in the soil. 

2. Materials and Methods 

2.1. Soil sampling 
Soil samples were collected from depths of 0–15 cm 
using soil augur. Samples were then mixed and 
homogenized. After removing recognizable plant 
debris, samples were air-dried and sieved through a 2-
mm mesh sieve.   

2.2. Study site 
The present study was carried out in the agricultural 
field located at Oke Odo Street Ago-Iwoye. The soils 
had no prior pesticide treatment. The site (open field) 
was divided into fifteen plots (5 m2 each) of land. The 
experiment was made up of five treatments (Control 
(without treatment) and four with treatments).  

 

2.3. Herbicides 

The herbicides used in this work were provided from a 
local agricultural dealership store in Ibadan.  They 
were; Xtravest {atrazine[1-Chloro-3-ethylamino-5-
isopropylamino-2,4,6-triazine, C8H14CIN5] + 
metolachlor [2 -chloro -N- (2-ethyl-6-methylphenyl) -
N- (1-methoxypropan-2-yl) acetamide], 
C15H22CINO2, {27+15%} Suspo (SE)} (a product of 
Zhejiang Province Changxing First Chemical Co., 
Ltd., Xiaopu, Changxing, Zhejiang, China), 
Glyphosate [2,4-Dichlorophenoxyacetic acid, 
C3H8NO5P]  (Roundup, a product of Monsanto 
Europe S.A./N.V. Haven 627, Scheldelaan 460 2040 
Antwerpen Belgium), Gramoxone [1,1-Dimethyl-4,4-
bipyridinium dichloride, C12H14CI2N2] (Syngenta 
Crop Protection AG, Basle, Switzerland) and Atrazine 
[1-Chloro-3-ethylamino-5-isopropylamino-2,4,6-
triazine, C8H14CIN5] (Forward (Beihai) Hepu 
Pesticide Co. Ltd., 1, Quingshuijiang Liangzhou Hepu, 
Beihai, Guangxi, China, 536100). 

2.4. Soil treatments 

The treatments were carried out using the complete 
randomized block design for a period of 8 weeks; at 
company recommended rates of 4 l/h (at 350 ml in 15 
l sprayer), soil treatments were carried out in 
triplicates. 

2.5. Isolation of herbicide utilizing bacteria and 
fungi from soil samples 

Five grams of each soil sample was dispensed into 250-
ml Erlenmeyer flasks containing a mixture of 50 ml of 
mineral salts medium and 1 ml of each herbicide in 
separate flasks. This concentration was used because it 
is equivalent to the field application rate. The flasks 
were incubated on a rotary shaker (Gallenkamp, 
England) at 120 rpm for 7 days at 30°C. Isolation was 
then carried out using the spread plate method on the 
solid mineral salts medium with each herbicide added 
to separate plates. The culture plates were incubated at 
30°C for 5 days for bacteria and 30oC for 7days for 
fungi. The above steps were repeated by taking 1.0 ml 
of sample from each broth culture and transferred to 
fresh enrichment medium followed by incubation as 
described for 7 days. Isolation was done using the 
spread plate method on the solid mineral salts medium 
described above with added glyphosate. The plates 
were incubated at 30°C for 5 days. Morphologically 
distinct colonies of indigenous microbial isolates of 
bacteria and fungi isolated on nutrient agar for bacteria 
and potato dextrose agar for fungi respectively were 
used in the herbicide utilization experiments. Identity 
of the bacterial isolates was affirmed after 
characterization by standard bacteriological methods 
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[19-20] while the fungal isolates were identified using 
morphological and cultural characteristics.  

2.6. Determination of the abilities of bacteria and 
fungi to utilise herbicides for growth and as carbon 
source 

The abilities of microbial isolates to utilise herbicide 
substrates (atrazine, xtravest, glyphosate and 
gramoxone) in pure cultures were determined in 
minimal salt medium (g/l) [21]. The components were 
dissolved in 1000ml distilled water, homogenised on 
hot plate magnetic stirrer to form uniform solution for 
30 min. The pH of the basal medium was adjusted to 
pH 7.2. The basal medium of 150 ml was dispensed 
into 250 ml Erlenmeyer flasks and herbicide substrates 
were introduced into each flask respectively at 100 
ppm after sterilisation which was done separately in an 
autoclave at 121oC for 15 min and cooled to ambient 
temperature. One ml aliquot of diluted overnight broth 
cultures of each test organisms (×104 cells/ml) were 
seeded into each flask respectively and the flasks were 
incubated in a gyratory shaker incubator at 150 rpm for 
a period of thirty days at 30oC (Bacterial isolates used 
in the utilisation experiments were those that had the 
highest turbidity, while the fungal isolates used were 
those that had the highest counts on each of the 
herbicides). Utilisation of herbicide fractions by 
microbial isolates was evaluated by monitoring 
bacterial and fungal growth measured by viable count 
on Nutrient agar. The optical density was determined 
at 600 nm wavelength with PG T70 U.V/VIS 
spectrophotometer, changes in pH was determined 
with pH meter (Model Hama microprocessor P211 pH 
meter) and fungal dry weights were also determined 
using the mettler balance. A medium without organism 
was also prepared as control. 

2.7. Viable counts 

The plates were placed on the Quebec colony counter 
with the lid removed. Counting was done from the top 
of the plate using grid lines to prevent counting a 
colony twice. A mechanical hand counter was used. 
Every colony was counted regardless of how small or 
insignificant. The number of the organisms per 
millilitre of culture was determined by multilying the 
number of colonies counted by the dilution factor. 
Viable counts of bacteria were also expressed as log 
CFU/ml. 

2.8. Optical density 
A cuvette containing 2 ml of sterile minimal salt 
medium was inserted into the sample holder of the 
spectrohotometer (PG T70 U.V/VIS 
spectrophotometer). The wavelength knob was set at 
600nm. The meter was adjusted to read 0% 

absorbance. The cuvette of the minimal salt medium 
was removed and the lid closed. The sterile minimal 
salt medium contained in the cuvette was reinserted to 
see if the 0% absorbance still registered. 
Measurements were then made by inserting cuvette 
containing 2 ml broth culture into the sample holder. 

2.9. Dry weights 
Filter paper was weighed using the digital mettler 
balance P 163. The fungi was harvested on the filter aer 
by filteration and dried in the oven. The weght was 
then determined. Deductions were then made by 
sbtracting the weight of the filter aer when it was 
unused from the weight after harvesting the fungi and 
oven drying. 

2.10. Statistical analysis 

The data were statistically analysed, with SPSS 20 
software, using a one-way analysis of variance 
(ANOVA). 

3. Results and Discussion 

3.1. Microorganisms isolated from herbicide 
treated soils 
Presented in Table 1 are the microbiological and 
physicochemical properties of the soil at the 
experimental site before treatment with herbicides. 
Presented in Tables 2-3 are bacteria isolated from the 
2nd to the 8th week of herbicide treatment. 
Pseudomonas spp and Bacillus spp were found to be of 
common occurrence in herbicide treated soils from the 
2nd to the 8th week of treatment. 

B. subtilis, P. aeruginosa, P. florescences and P. 
putida were isolated in all the herbicide treated soils. 
Of all Actinomycetes species isolated in this study, 
Actinomyces viscous was consistently isolated in all 
herbicide treated soils. In Table 4 Aspergillus, 
Fusarium and Penicillum species were of common 
occurrence in all the herbicide treated soils. A. niger, 
A. tamarii, F. oxysporum, and P. chrysogenum were 
found to be in more abundance in all the herbicide 
treated soils compared to all other fungal species 
isolated in this study. 
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Table 1. Microbiological and physicochemical properties of soil at the experimental site 

 Soil properties Values  
Soil type Ferric luvisols 
Bacterial count (CFU/ml×105) 9.70 
Fungal count (CFU/g×105) 1.10 
Total nitrogen (%) 0.12 
Available phosphorus (ppm) 10.0 
Organic matter (%) 2.20 
Soil electrical conductivity (µS/m) 250 
pH 6.80 
Soil moisture (g) 18.20 
Sand (g/kg) 650 
Silt (g/kg) 150 
Clay (g/kg) 160 

Table 2. Bacterial species isolated at the 2nd and 4th weeks of treatment of herbicides (glyphosate, atrazine, xtravest and 
gramoxone) on the experimental soil at the rates of 4 l/h (at 350 ml in 15 l sprayer) 

TREATMENT BACTERIA 
2nd Week  

Control 

Bacillus cereus, B. subtilis, B. macerans Serratia marscences, Micrococcus acidophilus, M. 
luteus, Staphylococcus aureus, Pseudomonas nigrificans, P. aeruginosa, P. putida, P. 
gellucidum, Proteus vulgaricus, Actinomyces viscous, Streptomyces faecalis, Actinomyces 
sphaerophorum, Norcadia sp. 

Glyphosate 
Aerobacter aerogenes, Bacillus subtilis, B. polymyxa, P. nigrificans, Pseudomonas putida, P. 
aeruginosa, P. floresences, P. cepaciae, P. gellucidum M. varians, M. luteus, M. acidophilus, 
Streptococcus lactis, S. aureus, S. marscences, Actinomyces sp., Norcadia sp. 

Atrazine 
A. eutrophs, B. licheniformis, B. macerans, B. subtilis, P. purefaciens, P. nigrificans, P. putida, 
P. stutzeri, S. marscences, M. luteus, Streptococcus zymogenes Actinomyces viscous, Norcadia 
sp, Streptomyces ambofaciens 

Xtravest 

A. eutrophs, B. megaterium, B. licheniformis, B. macerans, B. subtilis, Flavobacterium 
aquantile, P. floresences, P. gellucidum, M. luteus, P. putida, P. nigricans, P. purefaciens, 
Serratia marscences, Streptococcus faecium, Streptomyces zymogenes, Actinomyces sp., 
Actinomyces bovis, Actinomyces viscous, Norcadia farcinica  

Gramoxone 

Azotobacter chroccoccum, B. coagulans, B. subtilis, B. macerans, B. cereus, Corynebacterium 
callunae, M. luteus, M. roseus, P. putida, P. florescences, P. mallei, P. purefaciens, P. nigricans, 
P. aeruginosa, Serratia marscences Streptococcus faecium, Actinomyces eriksonii, Actinomyces 
viscous. 

4th Week  

Control B. cereus, B. macerans, M. luteus, P. morganii, P. aeruginosa, P. nigrificans, Proteus 
vulgaricus, Serratia marscences, S. aureus, Streptococcus faecalis, Actinomyces viscous,  

Glyphosate 
Alcaligenes eutrophs, B. subtilis, B. cereus, B. polymyxa, M. luteus, P. aeruginosa, P. 
gellucidium, P. florescences, P. putida Proteus vulgaricus, S. aureus, Streptococcus lactis, 
Norcadia sp, Serratia marscences, Actinomyces sp. Streptomyces ambofasciens 

Atrazine 
B. licheniformis, B. subtilis, P. florescences, P. putida, P. purefaciences, P. aeruginosa, P. 
stutzeri, M. luteus, M. acidophilus, S. aureus, Serratia marscences, Streptococcus zymogenes, 
Actinomyces viscous 

Xtravest A. eutrophs, Bacillus megaterium, P. florescences, P. putida, B. subtilis, B. macerans, B. 
licheniformis, Flavobacterium aquantile, S. aureus, Actinomyces bovis  Norcadia farcinica 

Gramoxone 

Azotobacter chroccoccum, Corynebacterium callunae, B. coagulans, B. macerans, M. luteus, 
M. roseus, P. aeruginosa, P. chrysogenum, P. florescences P. gellucidum, P. mallei, P. 
purefaciences, P. putida, Serratia marcences, Streptococcus faecium, Actinomyces viscous, 
Actinomyces erriksoni 
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Table 3. Bacterial species isolated at the 6th and 8th weeks of treatment of herbicides (glyphosate, atrazine, xtravest and 
gramoxone) on the experimental soil at the rates of 4 l/h (at 350 ml in 15 l sprayer) 

TREATMENT BACTERIA 
6th Week  
Control B. cereus, B. licheniformis, B. macerans, B. subtilis, M. luteus, P. aeruginosa, P. florescences, P. 

nigrificans, P. putida, P. stutzeri. Serrratia marcescens, Streptococcus faecum, S. aureus A. Viscous 
Glyphosate A. eutrophs, B. macerans, B. polymyxa, Streptococcus faecum, M. luteus, P. aeruginosa, P. cepaciae, 

P. gellucidium, P. putida, A. viscous, Streptomyces ambofasciens, Norcadia sp. 
Atrazine B. licheniformis, B. subtilis, B. cereus, M. acidophilus, M. luteus, P. aeruginosa, P. florescences, P. 

nigrificans, P. putida, P. stutzeri, S. aureus, Serratia marcences, Actinomyces viscous, Norcadia sp.  
Xtravest B. macerans, B. licheniformis, B. megaterium, M. luteus, P. putida, P. florescences, Streptococcus 

faecum, Serratia marscences, A. viscous, Norcadia sp.  
Gramoxone Azotobacter chroccoccum, A. eutrophs, B. coagulans B. macerans, B. subtilis, Corynebacterium 

callunae, Flavobacterium aquantile, P. mallei, P. putrefaciences, P. aeruginosa, P. gellucidum, P. 
putida, M. lactis, M. luteus, M. roseus, S. aureus, Actinomyces bovis, Actinomyces erriksonii, A. 
viscous, Norcadia farcinica 

8th Week  
Control B. cereus, B. macerans, B. subtilis, M. luteus, P. aeruginosa, P. florescences, S. faecum, S. aureus, 

Actinomyces viscous, 
Glyphosate A. eutrophs, B. macerans, B. polymyxa, B. subtilis, M. luteus, P. aeruginosa, P. cepaciae, P. 

gellucidium, P. putida, Streptococcus faecum, A. viscous, Norcadia sp., Streptomyces ambofasciens  
Atrazine B. licheniformis, B. cereus, B. subtilis, M. luteus, P. aeruginosa, P. florescences, P. gellucidium, P. 

nigrificans, P. putida, P. stutzeri, S. aureus, Serratia marscences,  A. viscous, Norcadia sp. 
Xtravest A. eutrophs, B. cereus, B. licheniformis, B. macerans, B. megaterium, B. subtilis, Flavobacterium 

aquantile, P. florescences, P. putida, P. putrefaciences,  Serratia marscences, S. aureus, A. bovis,  A. 
viscous, Norcadia farcinica 

Gramoxone Azotobacter chroccoccum, B. coagulans, B. macerans, B. subtilis, Corynebacterium callunae, M. 
luteus M. roseus, P. gellucidium, P. putida, P. putrefaciences, P. mallei, Proteus morganii, S. aureus, 
A. Viscous 

  
 
Table 4. Fungi isolated after treatment of herbicides (glyphosate, atrazine, xtravest and gramoxone) on the experimental soil at the rates 

of 4 l/h (at 350 ml in 15 l sprayer) 

TREATMENT FUNGI 
2nd Week  
Control Aspergillus tamarii, A. niger, F. compacticum, Fusarium oxysporum, Penicillum oxalicum, Alternaria 

sp., Rhizopus nigricans 
Glyphosate  Alternaria sp., A. terreus, Rhizopus nigricans, A. tamarii, F. compacticum, P. chrysogenum, 

Penicillum citrinum,  
Atrazine  A. tamarii, A. terreus, F. oxysporum, P. citrinum, P. oxalicum, R. nigricans, Rhizopus oligosporus  
Xtravest  A. terreus, A. tamarii, A. niger, P. chrysogenum, F. oxysporum, R. oligosporus, R. nigricans, P. 

citrinum, F. compacticum, Alternaria sp. 
Gramoxone A. tamarii, A. terreus, P. oxalicum, P. citrinum, R. nigricans, F. Oxysporum 
 
4th Week 

 

Control A. niger, F. oxysporrum, R. nigricans  
Glyphosate  Alternaria sp., A. niger, A. tamarii, F. oxysporum, R. nigricans, P. oxalicum, P. citrinum, 

Saccharomyces sp., 
Atrazine A. terreus, A. tamarii, F. oxysporum, R. nigricans, P. chrysogenum, P. oxalicum  
Xtravest  A. tamarii, A. niger, A. terreus, F. oxysporum, P. chrysogenum, P. oxalicum, R. nigricans, R. 

Oligosporus 
Gramoxone A. niger, A. tamarii, A. terreus, F. oxysporum, P. chrysogenum, P. oxalicum, R. nigricans, 

Saccharomyces sp., 
6th Week  
Control A. tamarii, A. terreus, A. niger, F. Oxysporum 
Glyphosate F. compacticum, P. oxalicum, R. Nigricans 
Atrazine A. niger, A. terreus, F. compacticum, P. oxalicum, R. nigricans, 
Xtravest A. niger, A. terreus, R. nigricans, P. Oxalicum 
Gramoxone  A. niger, A. terreus, F. oxysporum, R. nigricans, Saccharomyces sp., 
 
8th Week 

  

Control  A. niger, A. tamarii, A. terreus, F. oxysporum R. nigrificans,  
Glyphosate F. compacticum, P. oxalicum, R. Nigricans 
Atrazine  A. niger, A. terreus, F. compacticum, F. oxysporum, P. Oxalicum 
Xtravest A. niger, A. terreus, F. oxysporum, P. chrysogenum, P. oxalicum, R. Nigricans 
Gramoxone A. terreus, F. oxysporum, P. chrysogenum, P. oxalicum, R. nigricans, Saccharomyces sp. 



Sebiomo, Banjo / Cumhuriyet Sci. J., 41(4) (2020) 784-801 
 

789 
 

3.2. Biodegradation indices of identified bacterial 
and fungal isolates 

There were significant changes (P≤0.05) in the optical 
density and pH values of the identified bacterial 
isolates on the 5th , 10th, 15th , 20th, 25th and 30th 
days of incubation respectively during the utilisation of 
atrazine, glyphosate, gramoxone and xtravest. On the 
5th day of incubation during the utilisation of 
gramoxone the pH values changed significantly 
(P≤0.05). There was no significant changes (P≥0.05) in 
viable counts on atrazine on the 30th day of incubation. 
There were significant changes (P≤0.05) in viable 
counts of identified bacteria on the 5th, 20th and 25th 
days of incubation respectively during the utilisation of 
atrazine. Meanwhile during the utilisation of 
glyphosate there were significant changes (P≤0.05) in 

viable counts on the 5th , 25th , and 30th days 
respectively, while on the 20th day there was no 
significant change (P≥0.05) in the viable counts of 
bacterial isolates on the 10th , 15th and 20th days of 
incubation respectively. 

During the utilisation of gramoxone there were 
significant changes (P≤0.05) on the 5th, 10th, 25th and 
30th days of incubation respectively. The changes in 
viable counts on the 15th and 20th days of incubation 
were insignificant (P≥0.05). The viable counts during 
the utilisation of xtravest were found to be significant 
(P≤0.05) on the 5th, 10th, 15th, 25th and 30th days of 
incubation respectively. Meanwhile on the 20th day 
there were insignificant changes (P≥0.05) in the viable 
counts of the bacterial isolates on the 20th day of 
incubation.  

Meanwhile, Bacillus subtilis significantly utilised 
(P≤0.05) atrazine recording the highest optical density 
value of 0.934 and viable count value of 8.98 
(logCFU/ml) on the 20th day (Figures 1 & 2). Serratia 
marcescens recorded the lowest viable count and 
optical density values of 7.78 and 0.549 respectively 
on the 30th day during growth on atrazine (Figures 1 
& 2). P. putida had the lowest pH value of 5.84 on 
atrazine while P. stutzeri recorded the highest pH value 
of 6.42 during growth on atrazine (Figure 3).  

Bacillus subtilis recorded the highest optical density 
value of 1.401 on the 25th day and viable count value 
of 9.08 (1.21×109 cfu/ml) on the 20th day during 
growth on glyphosate thus significantly (P≤0.05) 
utilising glyphosate for growth closely followed by 
Pseudomonas aeruginosa with optical density value of 
1.24 also on the 20th day and viable count value of 9.03 
(logCFU/ml) (1.07×109 cfu/ml) (Figs. 4 & 5). 
Flavobacterium rigense recorded the lowest viable 
count and pH values of 7.83(logCFU/ml) and 5.70 
respectively on the 30th day during growth on 
glyphosate (Figures 5 & 6) meanwhile Streptomyces 
ambofasciens had the lowest optical density of 0.614 
on the 30th day during growth on glyphosate (Figure 
4). 

Bacillus coagulans significantly utilised (P≤0.05) 
gramoxone with peak optical density value of 1.13 and 
viable count value of 9.14 (logCFU/ml) (1.37×109 
cfu/ml) on the 20th day (Figs. 7 & 8). Micrococcus 
roseus had the lowest pH of 5.68 during growth on 
gramoxone after the 30th day of growth while 
Pseudomonas mallei had the highest pH value of 6.17 
after the 30th day of growth on gramoxone (Figure 9). 
Meanwhile Corynebacter callaunae recorded the 
lowest viable count value of 7.53 (logCFU/ml) 
(3.4×107 cfu/ml) on the 30th day of growth (Figure 8) 
while M. roseus and Actinomyces erriksonii recorded 
the lowest optical density value of 0.651 after the 30th 
day during growth on gramoxone (Figure 9). 

Bacillus substilis had the highest optical density value 
of 1.63 and viable count value of 9.25 (logCFU/ml) 
(Figure 10 & 11) on the 20th day. Norcadia farcinica 
had the lowest pH of 5.97 during growth on xtravest 
after the 30th day of growth in while Flavobacterium 
aquantile had the highest pH value of 6.34 after the 
30th day of growth on xtravest (Figure 12). Meanwhile 
A. bovis recorded the lowest viable count (Figure 11) 
and optical density values (Figure 12) of 7.83 
(logCFU/ml) and 741 on the 30th day of growth on 
xtravest. 

Figure 1. Changes in optical density of bacterial species during growth on atrazine.  
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Figure 2. Chages in viable counts of bacteria species, incubated in medium with atrazine herbicide, along the days of 

incubation were significant for bacteria (P<0.05) analysed in this study. 
 
 
 

 
Figure 3. Changes in pH of bacteria species, incubated in medium with atrazine herbicide, along the days of incubation were 

significant for  bacteria (P≤0.05) analysed in this study 
 

 
Figure 4. Changes in optical density of identified bacterial species during growth on glyphosate.  
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Figure 5. Changes in viable counts of identified bacterial species during growth on glyphosate.  
 

 
Figure 6. Changes in pH of identified bacterial species during growth on glyphosate.  
 

 
Figure 7. Changes in optical density of identified bacterial species during growth on gramoxone.  
 

 
Figure 8. Changes in viable counts of identified bacterial species during growth on gramoxone.  
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Figure 9. Changes in pH of identified bacterial species during growth on gramoxone. 
 

 
Figure 10. Changes in optical density of identified bacterial species during growth on xtravest.  
 

 
Figure 11. Changes in viable counts of identified bacterial species during growth on xtravest.  
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Figure 12. Changes in pH of identified bacterial species during growth on xtravest. 

ANOVA results showed that there were significant 
changes (P≤0.05) in fungal pH values on days 5, 15 
and 25 of incubation respectively during utilisation and 
biodegradation of glyphosate. Meanwhile on days 10 
and 20 the fungal isolates showed insignificant 
difference (P≥0.05) in fungal pH values.  In Figures 13 
and 16, pH reduced from the 5th to the 25th day of 
incubation, while in Figures 14 and 15, pH increased 
slightly from the 5th to the 15th day of incubation and 

then dropped from the 20th to the 25th day of 
incubation.  

During growth on glyphosate R. nigricans and F. 
oxysporum produced the lowest pH value of 5 on the 
25th day of incubation; meanwhile A. tamarii had the 
highest pH of 5.57 and 5.23 on the 5th and 25th days 
of incubation respectively (Fig. 13).

 
Figure 13. Changes in pH of identified fungal species during growth on glyphosate.  

In Figure 14, statistical analysis indicated significant 
difference (P≤0.05) in pH values of fungi at the 25th 
day of incubation. There were no significant changes 
in pH values from the 5th to the 20th days of incubation 

(P≥0.05). A. tamarii had the highest pH value of 5.57 
on the 15th day of incubation during growth on atrazine, 
while F. oxysporum had the lowest pH value 5 (Figure 
14).

  
Figure 14. Changes in pH of identified fungal species during growth on atrazine 
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Statistical analysis showed that there was significant 
difference (P≤0.05) in pH values of fungal isolates 
along the incubation period at the 5th, 15th, 20th, and 
25th days of incubation respectively.  A. niger and P. 

oxalicum had the lowest pH value of 5 at the 25th day 
of incubation during growth on xtravest, while A. 
tamarii had the highest pH of 5.70 on the 15th day of 
incubation (Figure 15). 

 
Figure 15. Changes in pH of identified fungal species during growth on xtravest.  

In Figure 16, ANOVA results showed that fungi 
isolates caused significant changes (P≤0.05) in pH 
values from the 5th to the 25th days of incubation 
respectively.  F. oxysporum had the lowest pH values 

of 4.5 and 4 on the 5th and 25th days of incubation 
respectively, while A. terreus had the highest pH 
values of 5.6 and 5.3 on the 5th and 25th days of 
incubation respectively during growth on gramoxone.   

 
Figure 16. Changes in pH of identified fungal species during growth on gramoxone.  
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In Figure 17, ANOVA results showed that there was 
significant difference (P≤0.05) in fungal counts as the 
incubation period progressed from the 5th to the 25th 
days of incubation respectively. Fungal counts of A. 
terreus, R. nigricans and F. oxysporum increased from 
the 5th to the 20th day of incubation and then dropped 
on the 25th day of incubation while A. niger increased 
from the 5th to the 15th day of incubation and then 

dropped from the 20th to the 25th days of incubation 
(Figure 17). A. tamarii increased from the 5th to the 
15th day, remained constant on the 20th and then 
dropped on the 25th day. A. niger had the highest 
fungal count of 6.00×104 cfu/g on the 15th day of 
incubation on glyphosate, while R. nigricans recorded 
the lowest fungal count of 2.00×104 cfu/g on the 10th 
day of incubation. 

 
Figure 17. Changes in viable counts of identified fungal species during growth on glyphosate 

In Figure 18, statistical analysis indicated significant 
difference (P≤0.05) in fungal counts along the 
incubation period from the 5th to the 25th days of 
incubation respectively. Fungal counts of A. niger, A. 
terreus and A. tamarii increased from the 5th to the 15th 
day of incubation and then dropped from the 20th day 
to the 25th day of incubation. Conversely counts of F. 

oxysporum increased from the 5th to the 20th day of 
incubation and then dropped on the 25th day of 
incubation. F. oxysporum recorded the highest count of 
6.10×104 cfu/g on the 20th day of incubation while A. 
terreus had the lowest count of 2.00×104 cfu/g on the 
5th day of incubation during the utilisation of atrazine. 

 
Figure 18. Changes in viable counts of identified fungal species during growth on atrazine 
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Figure 19 shows changes in fungal counts of identified 
fungal species during growth on xtravest. ANOVA 
results showed that there were significant changes 
(P≤0.05) in fungal counts among the fungal isolates on 
xtravest as the incubation period progressed from 5th to 
the 25th days respectively. Counts of F. compacticum, 
Alternaria sp. and A. niger increased from the 5th to the 
15th day, remained constant on the 20th day and then 

dropped on the 25th day of incubation while counts of 
A. tamarii, P. oxalicum and A. terreus increased from 
the 5th to the 20th day and finally dropped on the 25th 
day of incubation.  A. niger had the highest count of 
6.00×104 cfu/g on the 15th and 20th days of incubation, 
while P. oxalicum and F. compacticum had the lowest 
count of 1.10×104 cfu/g on the 5th day of incubation. 

 
Figure 19. Changes in viable counts of identified fungal species during growth on xtravest. ANOVA values are significantly 

different at P<0.001 

Statistical analysis showed that with increase in days 
of incubation, changes in fungal counts of the fungal 
isolates on gramoxone were significant (P<0.009, 
P<0.001, P<0.006, P<0.10 and P<0.002) from the 5th 
to the 25th days of incubation respectively (Figure 20). 
Counts of fungal isolates, A. terreus, A. tamarii, A. 
niger and F. oxysporum, increased from the 5th to the 

15th day and then dropped from the 20th to the 25th day 
of incubation. F. oxysporum recorded the highest 
fungal count of 5.00×104 cfu/g on the 15th and 20th days 
of incubation. F. oxysporum also recorded the lowest 
fungal count of 1.00×104 cfu/g on the 5th day of 
incubation (Figure 20).

     

 
Figure 20. Changes in viable counts of identified fungal species during growth on gramoxone.  
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Results of analysis of variance showed that there was 
no significant difference (P≥0.05) in the fungal dry-
weight values of each fungal isolate at the 5th, 10th, 20th, 
and 25th days of incubation respectively. However 
there were significant differences (P≤0.05) in dry-
weight values of the fungal isolates on the 15th day of 
incubation (Figure 21). During the utilization of 
herbicides for growth dry-weight values increased 

from the 5th to the 15th days of incubation, remained 
constant to the 20th day and the dropped on the 25th day 
of incubation. A. tamarii had the highest dry-weight 
value of 0.006g at the 15th and 20th days of incubation, 
during growth on glyphosate (Figure 21), while on the 
5th day of incubation A. terreus had the lowest dry-
weight value of 0.002g.

 

 
Figure 21. Changes in dry-weights of identified fungal species during growth on glyphosate.  

ANOVA results showed that there were insignificant changes (P≥0.05) in dry-weight values of the fungal isolates 
from the 5th to the 25th days of incubation respectively (Figure 22).  Meanwhile on the 25th day of incubation, 
there was significant change (P≤0.05) in dry-weight values of the fungal isolates. A. niger recorded the highest 
dry-weight value of 0.006g at the 20th day of incubation (Figure 22) during growth on atrazine A. terreus had the 
lowest dry-weight value of 0.002g at the 25th day of incubation on atrazine.  

 
Figure 22. Changes in dry-weights of identified fungal species during growth on atrazine 
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significant changes (P≤0.05) in dry-weight values from 
the 5th to the 20th days of incubation respectively while 
on the 25th day of incubation there was no significant 
change (P≥0.05) in dryweight values of the fungal 

isolates. P. oxalicum had the highest dry-weight value 
of 0.007g on the 20th day of incubation on xtravest, 
while F. compacticum and A. terreus had the lowest 
dry-weight value of 0.001g at the 5th day of incubation.

  

0
0,001
0,002
0,003
0,004
0,005
0,006
0,007

5TH 10TH 15TH 20TH 25TH

DR
Y-

W
EI

G
H

T 
(g

)

DAYS OF INCUBATION

A. niger

A. tamarii

A. terreus

R. nigricans

F. oxysporum

0
0,001
0,002
0,003
0,004
0,005
0,006
0,007

5TH 10TH 15TH 20TH 25TH

DR
Y-

W
EI

G
H

T 
(g

)

DAYS OF INCUBATION

A. niger

A. terreus

A. tamarii

F. oxysporum



Sebiomo, Banjo / Cumhuriyet Sci. J., 41(4) (2020) 784-801 
 

798 
 

 
Figure 23. Changes in dry-weights of identified fungal species during growth on xravest.  

Statistical analysis showed significant changes 
(P≤0.05) from the 5th to the 20th

 day respectively. On 
the 25th day there was no significant change (P≥0.05) 
in dry-weight values of the fungal isolates (Figure 24). 
A. niger and F. oxysporum recorded the highest dry-

weight value of 0.006g at the 15th day of incubation 
during growth in gramoxone, while A. terreus and A. 
tamarii had the lowest dry-weight value of 0.002g at 
the 5th day of incubation. 

 

 
Figure 24. Changes in dry-weights of identified fungal species during growth on gramoxone. 
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soil and sediment are capable of degrading pesticides 
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aureus, Streptomyces albus and Streptomyces 
chrysomallus. Many studies (26; 27; 28) have also 
shown that bacteria and fungi like: Arthrobacter, 
Pseudomonas, Bacillus, Actinomycetes, Mycoplana, 
Agrobacterium, Corynebacterium, Flavobacterium 
and Norcadia are herbicide degrading 
microorganisms. 

Although bacteria are considered to be most important 
group in herbicide degradation, also fungal species 
have been discovered in soil, with important 
biodegradation role (25). Thus, fungi species plays an 
important role in glyphosate degradation, Mucor, 
Fusarium, and Trichoderma strains seems dominant in 
degradation of these herbicide, using glyphosate as 
source of C, N and P (29;30). Ayansina and Oso (18) 
isolated A. flavus, A. niger, Penicillum sp, and 
Trichoderma sp., from atrazine and Atm (atrazine + 
metolachlor) treated soils. 

The bacterial and fungal isolates used in the 
determination of the time utilisation of the herbicides 
showed appreciable growth in culture medium 
containing the herbicides as carbon source. The 
differences observed in the growth of the isolates in the 
media are indications of the differences between the 
organisms in tolerating the herbicides. The observable 
differences in the lag and stationary phases also 
indicates the differences in the abilities of the test 
indigenous microorganisms to biodegrade the 
herbicides. This study showed that the bacterial and 
fungal isolates grew maximally on all the herbicides 
especially Bacillus subtilis which completely utilised 
atrazine and xtravest in culture recording the highest 
viable counts and optical density. Similar report was 
obtained by Dibua et al. (31); they stated that in their 
experiment the efficient utilization of the medium by 
Bacillus subtilis was apparent. A very sharp increase in 
growth rate with correspondingly sharp decline in pH 
of the medium was observed following 24 h 
incubation. In spite of the normal microbial growth 
curve, however, there was no apparent lag phase: a 
peak in the growth occurred at 72 h of incubation, 
followed by a long stationary phase, a decline phase 
after 192 h of incubation at a pH of 3.7. 

Meanwhile of all the fungal isolates used in this study 
F. oxysporum and A. niger showed the best abilities to 
utilise the herbicides because they grew maximally on 
all the herbicides recording the highest fungal counts. 
According to Adelowo et al. (32), the isolated fungi 
species (Trichoderma viride, A. niger, and F. 
oxysporum) were able to grow in glyphosate enriched 
medium. Trichoderma speccy showed the highest 
growth population (with maximum absorbance of 
2.40), while A. niger showed the lowest growth 

population (with maximum absorbance of 0.60). The 
rate of growth of T. viride in glyphosate enriched 
medium was compared with culture medium 
containing no glyphosate through spectrophotometric 
analysis. It was observed that the rate of growth of 
fungus was more rapid in glyphosate enriched culture 
medium than in culture medium containing no 
glyphosate. The population of all the fungi isolates 
increased initially. The increasing trend continued 
within six to seven days and decreased thereafter. All 
these were pointer to the fact that fungi species could 
utilize glyphosate for their growth. 

The growth profiles have shown that none of the 
bacterial and fungal isolates exhibited lag phases, 
because the microorganisms used in this study are 
indigenous to the soil from which they were obtained 
and consequently have adapted to the herbicides used 
in treatment. Bacterial and fungal consortiums were 
able to utilise the herbicides better than each of the 
identified bacterial and fungal isolates. In the work of 
Moneke et al. (21), of the seven bacterial species they 
identified, two (Acetobacter sp. and P. fluorescens) 
were selected for further biodegradation studies based 
on their short lag phase and rapid utilisation of 
glyphosate. Martins et al. (33) reported the ability of 
Klebsiella pneumonia pneumonia GC s. B strain1, 
Pseudomonas alcaligenes, Enterobacter aerogenes 
GC s.A and Klebsiella pneumonia pneumonia GC s. B 
strain 2 to utilise metolachlor with Pseudomonas 
alcaligenes demonstrating the fastest bacterial growth 
rate in a selective medium than in a rich culture 
medium. Metolachlor degradation rate yield was far 
superior to that shown by alachlor, another acetanilide 
compound (34).   

The pH values produced by all the bacterial and fungal 
isolates in culture media reduced significantly, 
signifying the production of acidic metabolites. The 
pH values of the fungal isolates used in the herbicide 
utilisation experiment showed lower pH values than 
those of the bacterial isolates. The fungi F. oxysporum 
recorded the lowest pH of 4.5 in gramoxone. The 
reduction in pH of the culture fluids in the 
experimental flasks within the incubation periods 
further confirmed chemical changes of the herbicide 
substrates which must have been precipitated by 
microbial enzymes. Dibua et al. (31) also reported 
similar observations. 

Conclusion 

B. subtilis, F. oxysporum and A. niger showed the best 
abilities to utilise the herbicides for growth and as 
carbon source. Indigenous microorganisms used in this 
study successfully utilised the herbicides as carbon 
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source and for growth. Hence the indigenous 
microorganisms could be employed in the 
bioremediation of herbicide polluted soils. The 
ultimate success of bioremediation is dependent on 
microorganisms staying in close physical contact with 
substance to be degraded. The key to increasing the 
rate of biodegradation of herbicides in the soil is to 
optimise the growth rate of indigenous soil degrading 
micro flora. 
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